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INTRODUCTION. 



At a time when the philosophy of chemistiy is 
becoming more and more clearly apprehended, we 
need to be reminded of its historical development. 
The more acate and profound our co-oixlination and 
interpretation of phenomena, the more careful 
fihoiold be our scrutiny of the successive views 
r^arding them, which have been previously held. 
Such a scrutiny will serve two useful purposes, for 
it will correct two common and erroneous modes of 
thought. Thus, the technical terms finally adopted 
in the expression of chemical facts will cease to be 
vague — they will acquire a constant as well as a 
definite meaning ; and at the same time, that 
narrowness of vision, which sees everything in one 
aspect only, will be duly enlarged. 

For these reasons the appearance in an English 
dress, and in a separate volume of Professor 
Wurtafs "Introduction to Chemical Philosophy," 
must be regarded as peculiarly seasonable. Many 
other chemical books have, indeed, been published 
within the last year or two — in some cases, original 



IV INTRODUCTION. 

workft of great merit and usefulness — but the pro- 
gress o£ the science has not been recorded lately 
in a systematic form. Dr. Hofmann's ^'Modern 
Chemistry," for example, enoimces in the fullest 
terms the laws of combination by volume, the 
functions of radicals, and the dependence of 
chemical types upon the different equivalencies 
of the elements. Dr. Frankland's " Lecture Notes,'* 
on the other hand, develope very amply the equa- 
tions of chemical changes, and, more especially, the 
constitution of compounds as made up of atoms 
bonded together in diverse but systematic modes. 
But Dr. Wurtz's compact volume fulûls most of the 
intentions of the works just named, and yet does 
something more. It traces in sufficient detail the 
varying opinions of chemical philosophers as to the 
laws of chemical combination, and the nature of 
chemical structures. Thus the reader is led 
gradually to the study of the newest system, while 
on his way the errors and the glimpses of truth in 
the older systems are clearly pointed out. 

For breadth of view, lucidity of expression, 
orderly arrangement of facts, shrewdness and 
fairness in reasoning. Dr. "Wurtz's treatise appears 
to be singularly distinguished. The dates and 
references will be found of the utmost value, while 
the justice which marks his attribution of di^ 
coveries to their true originators is not the lea 
agreeable feature of the work. 
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PART I. 

EQUIVALENTS, ATOMIC WEIGHTS AND 
MOLECULAR WEIGHTS. 

Section I. 

Historical Development of the Ideas, Equivalent, Atom, 

Molecule, 

That bodies combine in definite proportions is one of 
the fundamental truths of chemistry. The notions of 
equivalents, of atomic weights, and of molecular weights 
are a consequence of it, and the idea of regarding 
chemical compounds as molecules formed of a juxtaposi- 
tion of atoms is its theoretical representation. These ideas 
are involved in all that appertains to chemistry, and are 
the basis of all discussions connected with the science. 
It is important, therefore, to look for their origin and 
development, and to examine how, from being for a long 
time ill defined and confused, they have ultimately 
assumed the definite forms which they now possess. 
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Deflnlto Proportions. — Sqairaloiito. — The ideas 
of definite proportions have become introduced into 
science by researches into the composition of salttf. It 
was found that, in order to saturate a definite weight of 
alkali with an acid of known strength, it was necessary 
to employ an invariable weight of the latter; audit 
was observed that the formation of a neutral salt de- 
pended upon the existence of a fixed relation between 
the amounts of real alkali and acid present, the least 
excess of one or the other being sufficient to destroy the 
neutrality. 

In 1 699 Homberg* undertook some experiments on 
this point which deserve to be mentioned. He found 
that X ounce of salt of tartar (carbonate of potash) 
required to saturate it, — 

14 ounces of the best vinegar. 

2 ounces 3 drachms of spirit of salt (hydrochloric acid). 
I ounce, 2 drachms, 36 grains of aquafortis (nitric acid). 
5 drachms of vitriolic acid. 

After evaporating the saturated liquids the increase in 
weight of the solid matter was, — 

3 drms. 36 grs., after saturation with vinegar. 

3 „ 14 „ „ „ hydrochloric acid. 

3 .» 36 M >* n nitric acid. 

3 „ 6 „ „ „ sulphuric acid. 

It is seen that these experiments have ibr their object 
the determination of the quantities of different acids 
which are required to saturate the same weight of base. 
Inaccurate as are their results, they amount to an attempt, 
crude, indeed, but the earliest, to determine what we to- 
day call the equivalents of acids. 

Nearly a century elapsed before the question of the 
composition of neutral salts, started by Homberg, re- 
ceived a satisfactory solution. Bergmann and Kir wan 
examined it with but moderate success, and it is some- 
* Hermaun Kopp, Qetchii^Ue der Chemie, ii. 355. 
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what remarkable that it was reserved for one of the last 
upholders of alchemy — Wenzel* — to settle this point. 

The work written by this chemist in 1777, under the 
title of '* Vorlesangen iiber die Chemische Yerwandschaft 
der Kœrper " (Lessons on the Chemical Affinity of 
Bodies), is even now remarkable for the accuracy of the 
analyses there described, and for the justness of the con- 
dosions which the author knew how to deduce from 
them. The starting point of these researches was the 
following phenomenon, which was then well known, and 
which had already been observed by chemists : — 

When concentrated and neutral solutions of sulphate 
of potash and nitrate of lime are mixed together, there 
are formed, by double decomposition, sulphate of lime 
which is precipitated, and nitrate of potash which re- 
mains in solution. The two newly formed salts are 
neutral, like the former, and it is the permanency of 
this neutrality which requires expln nation. 

Wenzel found this explanation in the composition of 
the four salts under examination. Having analysed the 
nitrate of lime, he found that 363 parts of this salt con- 
tained 123 parts of lime and 240 parts of nitric acid. 
He then tried how much sulphate of potash he should 
have to take for the lime to be completely precipi- 
tated by the sulphuric acid. Experiment had shown 
him that 162*5 parts of lime neutralised 240 parts of sul- 
phuric acid, and he concluded from this that 123 parts 
of lime ought to require 181*5 parts of sulphuric acid. 

On the other hand, he found that 240 parts ot sulphuric 
acid required for neutralisation 290*4 of potash; 181*5 
of sulphuric acid should therefore require 220 parts of 
potash ; and to completely precipitate the lime from 363 

* Charles Frederick Wenzel was bora at Dresden in 1740 and died 
in 1793» being at that time the director of the famous mine:} of Frei- 
beii^, in Sixouy. He published in 177 j a work entitled "Au Intro- 
dnction to the Higher Chemistry " (Einleitung zur Hoheron Chcuiie), 
and doToted it to the defence of alchemical ideas. 
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parts of nitrate of lime it would be necessary to take 
1 8 1*5 + 220, or 401 '5 parts of sulphate of potash. 

The 304.*5 parts of sulphate of lime (containing 123 
parts of lime and 181*5 parts of sulphuric acid) being 
precipitated, Wenzel concluded that the 240 parts of 
nitnc ncid originally combined with 123 parts of lime, 
ought, in order to f jrm a neutral salt, to unite with the 
220 parts of potash originally combined with the 181*5 
parts of sulphuric acid. An analysis of nitrate of potash 
proved that his conclusion was correct; for he showed 
experimentally that 240 parts of nitric acid united with 
2225 paits of potash, an amount differing very little 
from 220.* 

The important deduction from these researches is this : 
when nitrate of lime and sulphate of potash are mixed 
together in such proportions that the lime of the first 
salt will be neutralised by the sulphuric acid of the 
second, the nitric acid left by the lime is precisely the 
amount necessary to neutralise the potash abandoned by 
the sulphuric acid. 

Jn other words, when two neutral salts mutually de- 
compose each other, the neutrality is maintained for the 
reason that the amount of base which is neutralised by a 
certain weight of one acid, is also neutralised by a 
definite weight of another acid. 

Hence arises the idea of equivalency. AVe have here 
two acids and two bases. The same quantities of each 
base neutralise successively a given weight of each acid, 
and are consequently equivalent to each other; thus: — 

123 parts of lime ) severally neutralise 
222 j)arts of potash \ 240 parts of nitric acid, 

' 363 parts of nitrate of lime contain iiyg of lime and 239-1 of nitric 
.iL'id ; these fij?ures are almost identical with the figures IZ3 and 140 
(.bt'tiued in Wenzfl's analysis. 

401 5 parts of sulphate of potash contain 184*5 parts of sulphuric 
acid and aiy of potush. Wenzel found m it 181 '5 of sulphuric acid and 
2:0 of potash. A comparison of these numbers will give a good idea 
of the accuracy of his analyses. 
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}, therefore, equivalent in rcajwct to tliia weight 
f Bulphuria acid. 

^It suffices, therefore, to determine the proper tionB in 
• basoa combine ^'ith an acid, lo know aUo ths 
a in which these bases will unite with another 



pn these niemorahle oicperinienta it weib necessary to 
determine the composition both at nitrate of lime, and 
of sulphate of potash ; also to find wliat quantity of sul- 
pharic acid was necessary to saturate the lime in the 
nitrate, and then to know how much nitric acid was 
necessary to saturate the potash in tile suliihalc. The 
composilioQ of nitrate of potaeh v/aa then foreseen by 
theory; 14.0 parts of nitric acid required no of poloah. 
This is the amount predicted ihcorelicallyi iiz'j is tha 
experimental quantity. Thus, Wenzel not only in- 
troduced into chemistry the idea of equivalency, but, at 
the same time, he fortaaw and predicted the conclusioni 
that could be drawn from it respecting the Iheoretioal 
ealcniation of the composition of salts and the control 
of analyses. 

Itesearchea so exact and so important wers scarcely 
noficed by chemtata at that time, and were soon quite 
foi^tten. 1 he time for Wenzel had not yet arrived; 
his contemporaiicB wcro discussing theoretical ideaa of 
a higher order ; the chemical world was excited by ths 
teachings and astonishing 

Nearly twenty years passed over btforc this question 
Kthe proportion between the weights of ui 
rating a 
I taken up. Another Oei'man chemist, Bicjiter, a 
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Berlin, drew attention to the subject in a work which 
he published in 1792 or 1794, entitled Stœchiometry, or 
the Art of Measuring the Chemical Elements* Besides 
this he published between 1792 and 1802 a periodical 
work, called Ueher die Neueren Gegenst'dnde in der 
Chemie (Later Discoveries in Chemistry), the seyenth, 
eighth, and ninth numbers of which are especially 
interesting. The author observed and explained, as 
did Wenzel, the phenomenon of the permanence of 
neutrality after the mutual decomposition of neutral 
salts. He determined the relative saturating capacity 
of acids and bases. He noticed that when a metal pre- 
cipitated another metal from a solution of a neutral salt 
the liquid remained neutral. From this last observation 
he deduced a very correct explanation by showing that 
there existed a constant ratio between the amount of an 
acid saturating given weights of différent bases and the 
quantity of oxygen contained in these bases ; or, what 
comes to the same thing, that the quantity of oxides 
required to saturate the same weight of a given acid 
contained the same amount of oxygen. 

To Bichter we owe the first tables of equivalents. 
They are drawn up in reference to the reciprocal satura- 
tion of acids and bases, and consist of two kinds of 
tables. 

The first shows the weight of different bases required 
to neutralise 1000 parts of an acid— sulphuric acid, for 
instance. 

The second shows the quantity of acids required to 
neutralise 1000 parts of a base, such as potash or lime. 

The figures which compose these tables are derived 
from analyses which are less exact than those of Wenzel, 
and which appear to have been subsequently corrected to 

* l^chi&metrie oder Mesekunst Chemitcher BtemerUe^ by Jeremie Ben- 
jamin Richber, in three volumes. The word stoechiometry is xiaed in 
Germany at the present day to designate that branch of the science 
which treats of the équivalents. Richter died at Berlin in 1807. 
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make them kgroe with cerlain theoretical ideas which 
were more erroneoiia tliau the oxpeiiments Ihi^ini^i/lvcs.* 
For all that, liichter recognised this impovtaut fact, 
that the weights of bases forming ihe first «eriea were 
proportional to each other, and that the same praportiun- 
»Uty existed between the quaulities of aeida forming 
the second Bericaj ao that if he knew the quantities of 
all the base» which neutralised an acid A, it would be 
eufficienl, in order to Hnd the amount of onj base which 
would be required to neutralise another acid A', to dé- 
termine by one experiment the weight of any one of the 
bases necessary to form a neutral salt with this acid A'; 
knowing the weight of this base, it would be easy to 
calcnlate the weight of all the others. Thus Uichter 
showed that the composition of a great number of salts 
could be calculated theoretically from the kuon n composi- 
tion of certain other «alts — an important deduction from 
the fact of the praportioual relation betweeti acids and 
bases which had been already eslahliahed by Wenzel, 
and which the Berlin chemist saw the force of in all its 
bearingfi. 

One thing, however, escaped him, and that was that it 
was useless to multiply the series so much, and (hat they 
might ali have been founded on one atone. Indeed, after 
having determined the quantity of différent bases re- 
quired to neotrallse looo parts of sulphuiic aiid, it would 
have be«n sufScient, instead of determining the quantity 
of base which would neutralise another acid, to find out 
how much of the other acids wouid be required to satu- 
rate the weight of any ono of the bases neutralising 
looo parts of sulpliunu acid. These amounts of acids 
would be equivalent to i ooo parts of sulphuric acid, and 
-.VOnld exactly saturate the weight of base aeutralised 
*' f. 1000 parts of this acid. It is seen from this that 
• Wolitn Iduglned that the mIghtR oT scld nsulrnlialng tlia iiub* 
IV b) geuiBobrica^ progroukmi uirl that the qnnntJEiw ot b«s 
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Bichter need have constructed only one table of équiva- 
lents of bases and acids, calculated in relation to looo 
* parts of sulphuric acid. Fischer calculated a table of 
this kind from Hichter's data, and published it in 1802.* 
The following is a copy of it :— 

Bases. 

Alumina . 
Magnesia . 
Ammonia 
Lime 
Soda 

Strontia . 
Potash 
Baryta 

Acids. 

Sulphuric . 
Hydrofluoric 
Carbonic . 
Hydrochloric 
Oxalic 
Phosphoric 
Formic . 
Succinic . 
Nitric 
Acetic 
Citric 
Tartaric . 

It will be noticed that for many bodies Fischer's 
numbers are widely different from the theoretical figures, 
and consequently the analyses of Bichter, from which 

♦ Hermann Kopp, Oeschkhte der Chenue^ voL ii., page 364. 

t This number is half of 1775, which represents the weight of POa , 
if ICXX5 represents that of 8O3. But it must be noticed that to neutral- 
ige PO.^, that is to say, to form iNaO,HO,POô, there must be twice 
as much soda as is required to neutralise SO3. The quantity of phos- 
phoric acid strictly equivalent to SO 3 id therefore half FOa under tlio 
fircumstancea in which Bichter was placed. 



Fischer's 


Theoretical 


numbers. 


numbers. 


. 5*3 


428 


. 615 


500 


. 672 




. 793 


700 


. 859 


775 


. 1329 


1295 


. 1605 


1177 


. 2222 


1912 


. 1000 


xooo 


. 4»7 


500 


. 577 


550 


. 7" 


912 


. 755 


900 


• 979 


887t 


. 98S 


9*5 


. 1209 


1224 


. 1405 


1350 


. 1480 


1275 


. 1683 


Ï375 


. 1694 


1650 



they are calculated were not nearly ti 
of Wenzel. The inaccumoy of these analjsea, and the 
obacurifj' of a perplexed explanation, have not been much 
noiieed in giving credit to Kichter and some authority to 
his woilts. 

Ono thing, however, remains eatahlished; Wenxeland 
then Iticliier iutrodDccd into tlte science the notion of 
eqnivaleii ta. 

IHaltliite Proporiloiu. — Atotnii. — The idea of 
atoms aiisea from a fundamental discovcrj uhich waa 
made about iSo4 by Ualton, and nhich depends npan 
facta entirely distinct from tli ose observed by Wenzel 
and BIchter. Having studied the composition both of 
olefiant and of maish gas, Dulton perceived that 
for the same quantity of carbon, the Utter contained 
exactly double the quantity of hydrogen vibich was con- 
tained in the former. He made analogous observations 
consernin^ the compositioa of cnrbonig o^ide anj car- 
bonic aciil, and of the compounds of osygen and nitrogen. 
In this way he discovered the law of multiple proportion». 

The following is the explanation of this law : — When 
two bodies, either simple or compouud, form several 
combinations with each other, if the weight of one of 
them be taken as constant, the weight of the other 
varies in a very simple ratio. Thus, nilrogen forms five 
comhinalion» with oxygen. If we take qiiHntities of 
these compounds containing the same weight of nitrogen, 
the weight of the oxygen in them will be in proportion 
to the nambera i, î, j, 4, j. For example : — 

;ide of Ditrogen contains for 17; purta 100 ports 
ide of DttrogeQ ,, 175 „ ico ,, In !> 




le acute intellect of Dalton did not stop at facta, 
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bnt sought to explain them bj devising a theory. Re- 
Tiving an idea of Leucippus and a statement of Epicurus, 
he supposed that bodies were formed of small indivisible 
particles which he called atoms. To this old and vague 
notion he gave a distinct meaning by admitting, on the 
one hand, that for every kind of matter the atoms possess 
a uniform weight, and, on the other, that combieatioiL 
between different kinds of matter is the result of the 
juxtaposition of their atoms. This fundamental hypo- 
.thesis being admitted, the fact of definite proportions 
and of multiple proportions finds a simple and satisfac- 
tory explanation. The definite proportions according 
to which bodies combine represent the unvarying rela- 
tions between the weights of the atoms which are in 
juxtaposition ; and if a body can combine with another 
in several proportions, such multiple combinations can 
only be efiPected by the juxtaposition of i, 2, 3, 4, &c., 
atoms of one body, and one or several atoms of another 
body. The evident result is, that if the weight of this 
latter body is constant, the weights of the other in 
the difierent combinations must be multiples of one 
another. 

As immediate consequences of these propositions, 
Dalton inferred that the atomic weight of a compound 
body was formed by adding together the atomic weights 
of its elements, and that the definite proportions accord- 
ing to which compound bodies, such as acids and bases, 
combine, represent merely the uniform relation between 
their atomic weights. Thus the laws of Wenzel and 
Bichter are seen to be only particular cases of a general 
law which governs the composition of all bodies. The 
atomic hypothesis explained them at once. 

But these atomic weights have no absolute value; 
they only represent the proportions according to which 
bodies combine. An unit must be chosen as a term of 
comparison» Dalton referred all the atomic weights to 
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I that of hydrogen, which be called i. In a work entitled 
ANbw Syttemof Chmiiicni Philasnphi/,pab\ishadin 1808, 
I %■ g&ve the DUDibers shown in the lolloniog table : — 



Hydrogen 

Carbon 
Oïygea . 
Sulpliui 
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Potaah 

Strontia . 

Baryta . . . . 63 76-5 

IroQ .... 33 38 

Zinc . . . . 56 3x'Ë 

Copper .... 56 3i'7 

Lead • • • ■ 95 loj'S 

SilTCT 

Platiaitm 
Mercury. 

Thas, for a certain number of bodies, Dalton's numbers 
oome very near to theory. This accordance is still 
closer in a table published by Wolloston iu 1814," in 
which the atomic weights, or rather the equivalents (to 
QHo IVollaston's term), are referred to that of oxygen, 
which is tuken as i.j. 

I.HW mt Ciiij - I.iuiae. — Difference beiweea 
AteBiB and EqalvHlenU. — Id the early port of this 
centuiy most chemists recoj^nised the fact both of definite 
proportions and of multiple proportioOB. Some stopped 
there, and by prefefeoce used the terms eqiiivaiettit 
or proportional numbers : whilst others, advocates of 
Doltoa's theory, asidumcd tlmt the proportional numbers 
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represented the relative weights of the atoms, and called 
them atomic weights. But the terms equivalents and 
atomic weights had then the same meaning : they 
represented the same proportions. According to Dalton, 
as seen by the table just given, water was composed of 
one atom of hydrogen (i) and one atom of oxygen (7), 
whilst according to Wollaston it was formed of one 
equivalent of hydrogen and one equivalent of oxygen. 

In reality the two words meant one and the same 
thing : the true atomic theory was not yet conceived. 

And yet in Wollaston's time the facts had already 
been discovered which should have led chemists to sepa- 
rate these two ideas one from the other. In 1808 Gay- 
Lussac propounded his memorable laws of the combina- 
tion of gases by volume. After having found in 1805, 
with A. Von Humboldt, that hydrogen and oxygen would 
combine in the exact proportion of two volumes of the 
first gas to one volume of the fécond, he generalised from 
these observations, and showed that there exists a simple 
relation not only between the volumes of two gases 
which combine, but also between the sum of the volumes 
of gas which enter into combination and the volume 
which this combination occupies when in the gaseous 
state. Thus : — 

I. Two volumes of hydrogen combine with one volume 
of oxygen to form two volumes of aqueous vapour. 

II. Two volumes of nitrogen combine with one volume 
of oxygen to form two volumes of protoxide of nitrogen. 

It is seen in these two cases that the three volumes of 
combining gas are reduced to two volumes by the act of 
combination. There is a condensation of one-third. In 
ammonia there is a condensation to half the original 
volume 5 on the contrary, in the case of binoxide of 
nitrogen and of hydrochloric acid equal volumes of the 
two gases combine without condensation. Thus :— 
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III. Three Yolnmes of hydrogen are combiDed with one 
Tolume of nitrogen in two volumes of ammoniacal gas. 

IV. One volume of nitrogen is united with one volume 
of oxygen in two volumes of binoxide of nitrogen. 

V. One volume of hydrogen is united with one volume 
of chlorine in two volumes of hydrochloric acid gas. 

The discovery of Gay-Lussac was of immense import- 
ance. In the first place it gave a striking confirmation 
to the law of definite proportions, which was thus 
demonstrated, not only in reference to weights, but 
also to volumes : and it must be remembered that an 
independent proof was by no means superfluous, for the 
law to which it referred had even at this period some 
opponents. Berthollet even in iSo8 took great pains 
to demonstrate that the proportions according to which 
bodies combined are not absolutelv invariable. But 
even his great authority was of no avail against the 
power of facts. The opposite theory was victoriously 
upheld by Proust. 

But there is another consequence of the discovery of 
Gay-Lussac. If we can admit with Dalton that the 
definite proportions according to which bodies combine 
represent the weights of their atoms, and if wo are to 
agree with Gay-Lussac that tlie volumes according to 
which gases unite bear to each other simple and invari- 
able proportions, it is clear that the relative weights of 
these volumes — that is to say, their densities — ought to 
represent the relative weights of the atoms. Thus, tlie 
atomic weights of gases ought to be proportional to 
their densities (or should at least bear a simple prop;)r- 
tion to them). It therefore follows that to find the 
relative atomic weights of simple gases it is sufficient 
to determine and compare their densities. This is an 
immediate consequence of Gay-Lussac's law, and it is 
impfirtant from two points of view — first, in giving a 
new means for the determination or control of atomic 
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weights, and then in leading chemists to realise a distinc- 
tion between the notion of atomic weights and of 
equivalents. Hitherto they had been confounded, but 
henceforth a similar confusion was not possible. This 
is an important point, and it must, therefore, be 
clearly explained. 

We have seen that Dalton, taking the atomic weight 
of hydrogen as unity, adopted for that of oxygen the 
figure 7 (the exact figure is 8) ; and that he looked upon 
water as formed of one atom of hydrogen and one atom 
of oxygen. But, as hydrogen combines with oxygen in 
the proportion of two volumes to one volume, if it be 
admitted that the atomic weights are in proportion to 
the densities, it must also be admitted that combination 
takes place in the proportion of two atoms to one atom. 
In fact, the densities of hydrogen and oxygen are in the 
ratio of i to i6, and not as i to 8, as would be required by 
Balton's atomistic hypothesis of the composition of water. 
If, then, I is the atomic weight of hydrogen, that of 
oxygen will be 1 6 ; and since the combination of the 
two bodies takes place in the proportion of i to 8, or of 
2 to 1 6, it evidently follows that water is composed of 
two atoms of hydrogen and one atom of oxygen. This 
is an inevitable consequence if we allow a proportion- 
ality between atomic weights and densities. 

In respect to simple gases chemists have been led to 
admit this proportion, and to regard their volumes as 
representing atoms; and this conclusion has been 
strengthened by considerations drawn from the physical 
properties of gases. When examined at a moderate 
distance from their liquifying point, they dilate or com- 
press in appreciably the same manner under the influ- 
ence of the same variations of temperature and pressure. 

It has therefore been admitted. Ampère being the 
first,* that equal volumes of two gases contain the same 

• The same idea was expressed by the Italian chemist, Avogadro. 



namber of atoms, and lliat conaequenlly the atomic 
weights of eimple gases arc proportioual to their 
deoBities. 

Thus, the (lispoveries of Gaj-Lnasao beoenie one of 
the fundamenlal baaefl of the ntomic Iheorj, In regard 
to fbis, BerzeiiuB wrote as foUowa : — " If we say atom 
instead of Tolomo, and if we view hoilics in Clie solid 
state instead of Caking them in the gaseous slate, we 
End in Oay-LuEsac'a disonvery one of the miiGt direct 
arguments in farour of Dalton's hy|iotheaiB." 

It is a remarliahle fact, that this latter philosopher 
opposi d in principle Gay-Lassac's ideas ; this singular 






opposition may be cxpiained if n 
hftd staled thai when tw 
nation, this is effected atom by alor 
volumes upset this hypothesis, which, 
on no solid foundalinn. This law was t 
all chemists; and among those who us 



the development of the 
first. 



nbet that Dalton 
only one eombi- 
L. 'I'he law of 
moreover, rested 
Dun admitted by 
'd it largely in 
a theory, Bcriclius stands 



B*rM>llait'ii Atomic VTels-bta and notalii>n, — 

The important reseaiches of this Swedish chemist, on 
equivalents and atomic weights, date fiom almost the 
same period as do those of Dalton. In 1807, whilst 
he was preparing- the first edition of his Traiti de Chimù, 
he happened to read Richter'a forgotten work, and called 
the attention of chemists to the laws which govern the 
composition of salts. 

Hichter had stated that for the same class of salts 
there existed a constant relation between the proportion 
of acid and the amount of oxygen in the base. Ber- 
zetius oonfirtned this statement, and put it in u simpler 
form by proving that for the same class of sails there 
existed an unifurm and simple relation between the 
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amount of oxygen in the acid and of oxygen in the 
base. Thus he showed that in neutral sulphates this 
proportion was as 3 to i ; in nitrates as 5 to i ; and in 
neutral carbonates as 2 to i. 

Here the principal achievement is less, perhaps, in pro- 
pounding a law than in the superiority of the analyses. 
Bergman n had made several analyses, and Wenzel had 
made some tolerably exact ones, but no one had yet 
arrived at the same degree of accuracy as did Berzelius, 
the father of our modern analytical processes. He com- 
menced his works in t8o8, and in 1S15 he was enabled 
to give a table of atomic weights based upon his' own 
determinations, and much more accurate than those of 
his predecessors. He compared the atomic weights 
with that of oxygen, which he called 100 ; that of hydro- 
gen was 6*24., The influence of Gay-Lussac's discoveries 
ojj fixing the atomic weights is here clearly shown. In 
fact, the ratio of the atomic weights, 100 to 6*24, or 16 
to I, is that of their densities. "SVollaston had given 
for the equivalents of hydrogen and oxygen numbers 
which were not very different from those of Dalton. 
These numbers, which represented the proportions by 
weight according to which oxygen combines with 
hydrogen, are true equivalents, whilst Berzelius's num- 
bers, which express the proportions by weight which 
exist between equal volumes of hydrogen and oxygen, 
are true atomic weights. But this distinction is shown 
still more clearly in the chemical notation which Ber- 
zelius brought into use. Dalton represented the com- 
position of water by the symbol OC»^^i which O re- 
presented one atom of hydrogen and O one atom of 
oxygen. Berzelius expressed this composition by the 
formula H2O, in which H2 represented two atoms of 
hydrogen and O one atom of oxygen. He also made 
use of an abridged notation. Thus the formula of water 
was written Ô, the letter H representing two atoms of 



hydrogen and the dot one atom of osygen. Moreover. 
Berzeiins attaclied a particular meaning to theeS barred 
symbola ; thej rspreBcnted what he termed double atoniB. 
Aooording to him, two atoms o( hydrogen If, or two 
stoma of clilorine 61, were looked upoa as iniieparablet 
as thej entered l«gether into combination. Ilius, one 
double atom of hydrogen (two atoms) entered into com- 
bination with one single atom of oxygen. One double 
atom of hydrogen entered into combination with one 
double atom of chlorine. Berzeliua wrote the formula of 
waterH = R,0; that of hjdrochlorio acid BHl = HjCl,; 
that of ammonia NS =^ N;!ig ; that of chloride of cal- 
cium Cal^l = CaClj. In certain oases, therefore, the 
double atoms represented the quantities vrhich entered 
ioto corabinaiioQ — that la to say, the equivalents. The 
idea of doubla atoms ia not now adopted in the sense in 
wMch Berzelius used it. But it is necessary to observe 
one thing, which is, that having taken as unity one 
atom of oxygen, he admitted that the atoms of hydrogen, 
chlorine, nitrogen, phoaphoriu, arsenic, &c., ouly repre- 
sented half equivalents, and that it was necessary to 
take a double atom (or two atoms] of these bodies to 
make one equivalent. This conclusion was perfectly 
logical. In tlie tables which the illustrious Swedish 
chemist gave, there are seen, besides the simple atomic 
weights, certain double atomic weights, which represent 
the proportions according to which bodies enter into 
combination, or their equivalents. These are the num- 
bers given by Berzelius: — 





Atom 


WuigLls. 






^inbDk 




Byiuhuli 









100 


o 


lOQ 


Hydragert . . 




6 '14 




1Ï-4Î 






«7-53 






Flrtormo 


Fl 




PI 






CI 


I! !■(,*. 


ei 




BromiuE . 


ilr 


499-Si 


St 


\ .}<jij-bi. 
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Atomic Weighto. 


Equivalents. 




Symbols 


^ 


Byxnbula 


N 


Iodine . 


I 


792-996 


f 


1585*992 


Sulphur 


S 


2007s 


S 


200 '75 


Selenium 


Se 


495185 


Se 


495*285 


Tellurium 


Te 


80176 


Te 


80176 


Phosphoms . 


P 


196*0205 


P 


392*041 


Arsenic 


As 


469-40 


Àa 


938*80 


Carbon 


C 


75-12 


C 


75'I2 


Boron , 


Bo 


136-204 


Bo 


136*204 


Silicium 


Si 


277778 


Si 


277*778 


Potassium . 


K 


488*856 


K 


488*856 


Sodium . 


Na 


289729 


Na 


289729 


Lithium 


Li 


81-66 


Li 


81-66 


Oalcium 


Ca 


251*651 


Ca 


251*651 


Barium . 


Ba 


855*29 


Ba 


855*29 


Strontium 


Sr 


545*929 


8t. 


545 •9»9 


Magnesium . 


Mg 


158*14 


Mg 


158*14 


Alimiinium . 


Al 


170*90 


Al 


341*80 


Glucinum 


Gl 


87*124 


4:11 


174*248 


Zirconium 


Zr 


419*728 


Zr 839*456 


Magnesium . 


Mn 


344-684 


Mn 344*684 


Chromium 


Cr 


328-87 


Cr 


328*87 


Uranium 


U 


742 -«75 


U 


742*875 


Iron 


Fe 


350-527 


Fe 


350*527 


Cobalt . 


Co 


368-65 


Co 


368*65 


Nickel . 


Ni 


369*33 


Ni 


369*33 


Zinc 


Zn 


406*591 


Zn 


406*591 


(Jadmium 


Cd 


696-767 


Cd 


696*767 


Copper . 


Cu 


395-60 


Cu 


395*60 


Lead 


Pb 


1294*645 


Pb 


1294*645 


Bismuth 


Bi 


1330*377 


fii 


2660*754 


Tin . . . 


Sn 


735 '^94 


Sn 


735**94 


Titanium 


Ti 


301*55 


Ti 


301*55 


Tungsten 


W 


1188-36 


W 


1188*36 


Molybdenum 


Mo 


596*10 


Mo 


596*10 


Antimony 


Sb 


806*452 


%\P 


1612-903 


Mercury 


Hg 


1251-29 


Hg 


1251*29 


SUver . 


Ag 


1349*66 


Ag 


1349-66 


Rhodium 


R 


651*692 


R 


1303*924 


Palladium 


Pd 


665-477 


Pd 


665*477 


Platin\im 


Pt 


1232*08 


Pt 


1294*645 


Iridium 


Ir 


1232-08 


Ir 


1232*08 


Osmium 


Os 


1242*624 


Os 


1242*624 


Gold . 


Au 


1129*165 


Au 


2458;33* 



' The numbers here given are not those which appeared in the fint 
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The principles which guided Berrelius in tho deter- 
mination of tbo atomio weights are simple, and his 
procesaeB are exact. The kttcr he varied and cod- 
troUed bf one another. He tliua learnl, a9 he modcatly 
saidi* to discover the faults that he had at first com- 
mitted, aud at last hEid the satisraclion of finding an 
accnrate agreement betireen the results of anal^six and 
theoretical calculations. 

In general he considered the atomic weight of a metal 
to be the quantity of this metal which comliined with 
loo of oxygen to enter into the Brst degree of oxidation. 
He deviated Irom this rule, however, in certain castas. 

Thus he considered that the atomic weights of copper 
and of mercury were tcpre«ented b; Ibe amounts of these 
metals which combined with loo of oxygen to arrive at 
the second degree of oxidation. Since iSiSI' he repre- 
sented tiie composition of the oxides of copper and 
mercury bj the formulte 
^Co,0, CuO; HgjO, HgO, 

Cupritj Dilds. Ueiooraua oilde. Heruuric oxiae. 
iDDgst the reasons which ted him to deviate from 

We hnvo thoiintht It boat tn glis tlio atoiuw 
Inally adiipted. and wo havn eitracteii tbom team - 

). AmnnsBt thaniiLÙvalanta of tha metali, it wOl _ 
Ilium, ^lucinumf blamutb, Qntlmooy, 






« txidfu 



sold}. i,u&l„ SiC It <» 


<»t. thst 


In ail 


Lhon com 


idimd» 






■otiibm 


iKiM. (imp 


rupoily 




twibytw 








NMuA lin-eiirmw, iB«. ill 










ail ho took for uortaUi 


matnls d 




li8 atomic 


irolght. 


»«lop«dkt«nhii.,Qtlli 










ïWï, FoOj r 






CuO 








«ido. 


CupHu QÏ 




BgOi HkOi ! 


PbO,; 


Ago 


*c. 


(DbsDXlda. Hsn^uiicaildB. Flumbl 


colM 


, AtgeMi 


uxMa. 
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the above rule may be given two which possess con- 
siderable importance. 

In 1819 and 1820 were announced two great dis- 
coveries which have exercised a marked inflaenoe over 
the development of the atomic theory. 

The first according to date is that of Dulong and 
Petit, concerning the relations which exist between the 
specific heats of simple bodies and their atomic weights ; 
the second, which is due to Mitscherlich, is that of 
isomorphism. 

liaw of Specific Hieato. — ^Dulong and Petit have 
shown that the specific heats of simple bodies are in in- 
verse ratio to their atomic weights, in such a manner 
that if the two quantities are multiplied together the 
product is constant. 

This is equivalent to saying that the atoms of simple 
bodies, so different from each other in their relative 
weights, possess appreciably the same specific heat. 
This is an unexpected result, which may be regarded 
as a striking confirmation of the atomic hypothesis : — 

The following are the results obtained by Dulong and 

Petit :— 

Product of 



Simple bodies. 


Specific beat. 


Atomic weight. 


by the 
specinc heat. 








Sulphur . 


. o-i88o 


201*15 


0*3790 


Gold . 


. 0*0298 


1243*0 


0*3704 


Platinum 


. 0*0314 


1215*2 


c'3816 


Tin 


. 0*0514 


735*3 


0*3779 


Bismuth 


. 0*0288 


1330*4 


0*3835 


Copper . 


. 0*0949 


• 395*7 


o*375S 


Lead 


. 0*0293 


1294-5 


0*3793 


Zinc 


. 0*0927 


4032 


0*3738 


Nickel . 


. 0*1035 


369*7 


03826 


Iron 


. c*iioo 


339** 


0*3731 



I 



Some few exceptions to the law of specific heats have 
been observed. Among the simple bodies experimented on 



by Dulong and Petit, arsenic, antimony, siiver, tellurium, 
and cobalt have not sliown this remarkable relation 
between the atomio freight and the specific heat. But 
them exceptions ma; be attributed, on the one part, to 
our ignorance of the real atomic weights, and on the 
other to errors in the determination of the speci&c heat 
— errors which the classical researchea of M. lli-gtiault 
have since entirely overcome. We shall return to this 
subject. 

In order to appreciate the assistance to the atomic 
theory rendered at tliat timo by the law of speoiËc heat, 
it is enough to remark that in tlie case of copiwr and of 
BCine other metala it has helped to make the true series 
of oxidation of these metaU known, and to decide in 
favour of the atomic weights which haïe been generally 
adopted.* Thus the atomic weight of copper compared 
with that of oxygen (loo) is not 79i'4., but 35S'7, a 
number which agrees with the Uvr of specific heats. 

IssDwrphlBiD. — The grand discovery of Mitscherlich 
bas rendered BÎmilar service. It may be thus explained. 
Bodies composed of an eqaal number of atoms arranged 
in the same manner, crystallise in forms identical, or 
almost so. The reaomblancc of the exterior forms 
results from the simiUtudo of their atomio structure ; 
and isomor^ihous bodies offer this remarkable peculiarity, 
that they can mis in indefinite proportioes in crystals 
vithout the form being sensibly changed. 

But it is a necessary consequence of this law that 
whenever two bodies are really iaomorphous they 
possess similar atomic structure. Their composition 
ought then to be eipreased by analogous formulse. Sul- 
phate of copper and sulphate of iron when mixed can 
crystalliae together, and the form of these crystals 

• BaraelluB, Tiailt dt Chimie, Frondi nditiaii 
■liotbenute, p. ig}. 
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remains that of salphate of iron whenever the propor« 
tion of sulphate of copper is less than ^. These mixed 
crystals contain seven molecules of water, like crTstals 
of green vitriol. If, on the contrary, the proportion of 
aulphate of copper exceeds ^, the mixed salt takes the 
form of hlue vitriol (unsymmetrical prisms), and like it 
contains five molecules of water. These two vitriols, 
which can crystallise together, must then possess the 
same atomic structure, and if green vitriol contains one 
atom of iron, hlue vitriol ought to contain one atom of 
copper. It follows, therefore, that oxide of iron and 
oxide of copper each contain one atom of metal and 
one atom of oxygen, and we mnst take for the atomic 
weight of copper the quantity of this metal which com- 
bines wi,th one atom of oxygen (loo of oxygen) to form 
the second oxide of copper — that is to say, cuprio oxide. 

Isomorphism and the law of specific heats agree, then, 
in the adoption of the formula CuO for this oxide, a fact 
which fixes the atomic weight of copper. We know, 
on the other hand, that the two oxides in question are 
isomorphous with the protoxides of nickel, cobalt, and 
manganese, oxide of zinc, and magnesia. AU these 
oxides possess the same atomic composition. The fol- 
lowing is another example : — ^Iron alum and ordinary 
alum will crystallise together, and whatever be the pro- 
portions of the mixture the form of the crystals is always 
that of a regular octahedron. The double sulphate of 
alumina and potash is thus isomorphous with the sulphate 
of iron and potash. The two sulphates and the two oxides 
should therefore possess the same atomic composition, 
and if ferric oxide contains two atoms of iron and three 
atoms of oxygen, alumina must be composed of two 
atoms of aluminium and three atoms of oxygen. 

Such is the assistance that the law of isomorphism 
affords in the construction of formules and the determi- 
nation of atomic weights. 



Eqnlfnlnt aolatlon. — The discoveriea of Gay- 
Lus^ac, of Dulong and Petit, and of MitBcherlich proved 
to be a strong confirmation of DalCon'a ideas, and the 
enormous labonrG of Berzelius liad given a solid bails to 
tJieiii. For Iwenly years the sjatem of atomic weights 
»nd notation of the great Swediah. chemist were para- 
moQntio science, owing to (he legitimate and incontest- 
able authority of his name. Nevertheless, same 
objections were raised against this notation, and the 
idea of double atoms met with a certain amount of 
oppoGÏtion. Why should wc admit, said Gmelin,* thai 
the equivalents of hydrogen, chlorine, bromine, nitrogen, 
4o., are formed of double atoms, when the simple atoms 
of these bodies do not in reality esiat in any combina- 
tïoii ? An atom is the smallest quantity of a body which 
enters into combination. The equivalents of the pre- 
ceding bodiesrepreaent, therefore, their atoms.audit will 
be much better to take for their atomic weights numbers 
doable those which Bereclius has given in conformity 
with the theory of volumes. The foranike of waler, of 
hydrochloric acid, and of ammonia, become therefore 
HO,HCI,NH„ 

To raise these objections was to revive afresh the 
ideas of Bolton and Wollaston ; it was in reality making 
a step backward, for no importance was attached to the 
discoveries of Gay*Lussac, and, in consequence, this nota- 
tion by equivalents which was thus inaugurated, liuished 
by acquiring, during the years 1841-1844, the unanimous 
Bsaent of chemists. The idea of atoms, said they, and 
atomic notation, ore undoubtedly based upon an hypo- 
thesis ; equivalents represent a reality. Equivalent 
DolAtion is, therefore, preferable, as it only involves facts. 
It was in this manner that the objections raised 
ftgÙDst the idea of double atoms, which constituted, in 
Ùteti the weak part of Berzelius' doctrine, i 
lidtucA dir CIttnic Fourth, ediliûn, ] 
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of the abandonment of atomic notation and the adoption 
of equivalent notation — a system which is even now 
employed by many chemists. The equivalents which 
form the basis of this latter notation are, with few ex-> 
ceptions, those given in the fifth column of the table on 
page X 8, with the exception that it is now considered more 
convenient to compare them with hydrogen, taken 
as unity. 
The following is the table, so modified : — 

fl 

Table of the Equivalents of Simple Bodies, 



Aliimininm 






• 137 


Nickel 


■ a9'5 


Antimony . 




. 122 


Niobinm . 


48*8 


Arsenic 






• 75 


Nitrogen . 


14 


Barium 






. 68-5 


Osmium . 


» 99'^ 


Bismuth 






. 210 


Oxygen 
Palladium . 


8 


Boron 






. io'9 


• 53*3 


Bromine 






. 80 


Phosphorus 


• 31 


Cadmium 






. 56 


Platinum . 


- 987 


Csesium 






. 130 


Potassium . 


• 39*1 


Calcinm 






20 


Rhodium . 


. 52'» 


Carbon , 






6 


Rubidium . 


85-4 


Cerium 






. 46 


Ruthenium 


52*2 


Chlorine 






• 35'5 


Selenium . 


397 


Chrominm 






. 267 


Silioiumf . 


Ï4 


Cobalt 






^9*5 


Silver 


. 108 


Copper 
Didymium 






. 317 


Sodium 


• a3 






. 48 


Strontium . 


43-8 


i?'luorine 






19 


Sulphur 


. 16 


Glucinum* 






47 


TantAliunJ. 


. 68-8 


Gold . 






. 197 


Tellurium . 


64 


Hydrogen , 






I 


Thalliiun . 


204 (?) 


Iodine 






127 


Thorium} . 


59-6 


Iridium 






99 


Tin ... , 


59 


Iron . 






2S 


Titanium . 




Lanthanum 


L 
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Tungsten . 


92 


Lead . 






103*5 


Uranium . 


60 


Lithium 


B a 




7 


Vanadium . 


. 68*6 


Magnesium 




12 


Yttrium . 


? 


Manganese 




27-5 


Zinc . . . . 


32*6 


Mercuiy . 




100 


Zirconium || 


. 44'8 


Molybdenu 


m 
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* Oxido of glucinum, GIO. t Silicic acid, SiOi. 
t Tantalic acid, TaOj § Thorina, ThO. 

H Zirconia, ZrO& 



EOmTAtENT (JOTATIOS. 

It shonld be remarked that this D' 
applied in a verj rigorous manner [ and, mnreoyer, tte 
progreBB of science soon rendered it inBufficient, and 
involved those chemists who persevered in it» employ- 
ment in singular iaconsistencieB. 

In the first place, let as observe that the composition 
of the polj-acid baees, sadi as alumina or ferric oxide, 
has almost always been expressed by molecular formulse 
and not by equivalent formalce. It was known that one 
molecule of alumina would saturate three molecules of 
■nipharic acid, and this quantity of alumina was wrongly 
termed an equivalent of alumioa. The true equivalent 
of alumina-^tbat is to say, the quantity of alumina 
which corresponds to one molecule of potash or of oxido 
of silver — is the quantity of alumina which contains an 
equivalent of oxygen. It is this quantity which satu- 
latca an equivalent of sulphuric acid. In notation by 
equivalents the alumina ought, then, to he represented 
by the formula AUO, and sulphate of alumina by the 
formula AUO,SO,t or SAUOj. Thus wrote Gay- 
LuBsac." The general formula used, AljOji^SOj, did 
not express an equivalent of sulphate of alumina, but a 
molecule of sulphate of alumina. 

Analogous remarks apply to the poly-basic acids, dis- 
covered by Mr. Graham, which have clearly defined the 
notion of poly-atomic molecules. Mr. Orahamhas shown 
that common phosphoric acid will saturate three equiva- 
lents of a base BO. From that it is evident tliat one 
molecule of phosphoric acid saturating three equivalents 
of oside of silver cannot correspond to one molecule of 
acetic acid which only saturates one. The equivalent of 
phosphorio acid is the qnantity of this acid which satu- 
râtes one equivalent cjf oxide of silver, and its equivalent 
formula is therefore JPOj. Gay-Lussac, with that rigid 
accuracy characteristic of his mind, employed such 
^fjrmulie. 
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Moreover, Richter was not deceived by this, and the 
number given in his tables well represents the quantity 
of this acid which saturates one equivalent of soda in 
bi-sodic phosphate. (See the note on page 8.) 

Should we, then, say that this equivalent notation 
adopted by Gay-Lussac is preferable to the molecular 
notation employed by other chemists less scrupulous 
than he ? This must be answered in the affirmative if 
chemical formulœ only serve to represent equivalents 
between bodies. But it is not so. Their language is 
higher and more significant. They are employed to show 
the complication of molecules, and when they are made 
use of to depict a reaction, they ought to represent both 
the bodies which enter and those which are removed — to 
show, in short, their molecular movements. Equivalent 
notation is of no use in this respect. It hides very im- 
portant points in reactions or in the constitution of 
bodies. When it represents sulphate of alumina by the 
formula Ali.O,SO„ it does not express the polyacid cha- 
racter of alumina; when it represents phosphate of 
silver by ;the formula AgOjiPOg, it hides the tribasic 
nature of phosphoric acid. This is why chemists have 
instinctively preferred molecular notation to equivalent 
notation for the salts in question. 

It is seen from the above that, after having pointed 
out a difierence between atoms and equivalents, the pro- 
gress of science leads to the separation of the idea of 
molecule from that of equivalent of a compound body. 
Molecules, in fact, are not always equivalent among each 
other. One molecule of phosphoric acid is not the equi* 
valent of one molecule of acetic acid, and one molecule 
of alumina is not equivalent to one molecule of oxide of 
silver. 

The distinctions here spoken of were not established 
in a day. They are ideas which long fermented ia 
chemists' minds before they found expression. The merit 
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of having clearly deflned the words atom, equivalent, 
and molecule belongs prinoipallj to Gerhardt, whose i»- 
Bearchofl we will now briefly explain. 

eerbnrdl's AtonilE IVelg'kla and Ifotatlon. — 

Gerhardi; retui'ned to the atomic notation, but he intro- 
duced important modi&catiouR into it. At first he met 
with the inconveniences of the syeletn of équivalents 
when he attempted to formulate the composition and 
reactions of organic bodies. By adopting for carbon, 
hydrogen, and oivgen the equivalents 6, i, and 3, the 
formultc of organic compounds became such that the 
number of cquivalciits of carbon was always diviaible 
by two ; or, in other words, tlie organic molecules 
always increased by double equivalents of carbon ; 
moreover, when these molecules were destroyed, or by 
any energetic action lost carbon as carbonic acid, or 
hjdrogen as water, there was never disengaged one 
equivalent of carbonic Quid CO,, or one equivalent of 
water HO, but two, or a multiple of two equivalents of 
carbonic acid or water. 

Gerhardt was led to thit strange result of equivalent 
notation. Why, said he, should no reaction in organic 
chemistry give rise to one equivalent of carbonic acid or 
one of water? This is apparently caused by some fault 
committed in the determination of tlie atonûo weight of 
carbon and of oxygen. In fact, if the smallest quantity 
of carbonic acid which is produced by one molecule is 
CgOt, this amount undoubtedly represents one molecule 
of carbonic acid, this, therefore, contaios ii of carbon 
and 3iofoxygen,andit willbemore convenient to repre- 
sent tliis by the formula CO:, in which C represents 1 1 
of carbon and i6 of oxygen. On tho other hand, if 
the smallest quantity of water produced by a reaction 
is HjO], this quantity represents a molecule of water, 
it had better be expressed by the formula H,0, in 



^^ditl 
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which H represents i of hydrogen and O i6 of oxygen. 
This was returning to the atomic weights given hy 
Berzelius for hydrogen, oxygen, and carhon ; for the 
numhers i ; i6 ; 1 2 are proportional to the nnmbers6*28 ; 
100 ; 75. It was likewise coming back to the atomic 
notation which is founded on the considerations of 
Tolumes — that is to say, to the law of Gay-Lussac. To 
my mind, Gerhardt did not insist on this double charac- 
teristic. If he had invoked in favour of the reform he 
was endeavouring to inaugurate the two great luunes 
of Gay-Lussac and Berzelius, he would have easily 
quieted the mistrust of some and the opposition of 
others. "See," a diplomatist would have said, "I 
am returning to the notation with which you have been 
quite familiar ; I merely introduce into it certain changes 
rendered necessary by the progress of science.*' But 
the strength of his conviction and the warmth of his 
character led him to less moderate and admissible ex- 
pressions. 

In fact, the alterations in the system of atomic weights 
and of notation which he introduced into Berzelius' 
notation were really insignificant. Like him, he 
doubled the equivalents of hydrogen, chlorine, bromine, 
iodine, fluorine, nitrogen, phosphorus, and arsenic 
to convert them into atomic weights.* But he 
extended to the metals themselves this reduction of the 
equivalents to one half. Adopting and developing an 

* Gerhardt said : — ^We must either double the equivalents of hydro- 
gen, chlorine, bromine, iodine, fluorine, nitrcji^en, phosphorus, ar8eni<^ 
and the metals, or else we must retain the ordinary equivalents for 
these, and double those of oxygen, carbon, sulphur, and selenium. 
In either case wo get the same result. This will be seen by looking at 
the following table, in which are given the numbers obtained in each 
of these two cases : — 

O. C. S. 8e. 



H. CI. Br. I. N. P. As. K. Hg. 

ïîquiTalents i iS'S So 127 14 31 75 39 100 

Atomic I I. é 1775 40 63-5 7 IS'S 37-5 185 50 

weights) IL i 355 80 IZ7 14 31 75 39 100 



8 6 16 40 

8 6 16 40 

16 12 32 80 



Gerhardt thought that it would be more convenient to adopt the latter 
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I first started by La.arei]t, he compared the oxides, 
t, with water, and asaumed that they contained twQ 
3 of metal to one of oxygen. The density of 
jry vapoar {6-^) compared with that of oiygen 
;o;6) farnislieâ him with a powerful argument in 
favour of this theory. To form oside of morcary would 
require two volumes of mercnry vapour and one Toluma 
of oxygen, for 

- — ^ifl practically'=i-°- . 

r If the atomic weight of osygen is 8, tliot of mercury 
taild be 50, and the formula of oxide of uercury 
ko. Analogy leads to classifying the other protoxides 
r the general formula ItiO, and to doubling the 
piivalents of the metals contaiued in them. 

e the fundamental points of Gerhardt'a system 
K Htomic weights, aud of the notation which springs 

ait. 

(for certain bodies this notation is similar to that of 
Eelius, bat for others it is very different. In all 
n it ia deTeloped from an obvious conseiju^ace of the 
Folnmes. With few exceptions the formulœ 
ftilatile compounds answer to two volâmes of vapour, 
e notation of Berzeliua, the same formuliG answer 
Lotwo, SDmetimea to fuur, volumes of vapour, 
fcoy be seen by the following table :^ 



T . . . .H,0 


-1 vols. H,0 


=» vols. 


mietted hydrogen H,8 


= » voU. H,a 


= 1 vols. 


ochloric acid . H.Cl, 


=4 vols. U(J1 


= 1 vols. 


iodic acid . . H,T, 


= 4, vols. HI 


-I vols. 


imia . . .N,H, 


= 4V0l». NH. 


-I vol». 




.4 vols. PH. 


^i vols. 



9r comparoâ wîtb bydr^ffon Msaa as unlly. He called thowi 

I equlvalont», ont of liabit, no doutt, far Ibey »ro not tiailj 

WOnnlip waUTBmarked la ^«(flnnciùiic*, «th Ëd^ iT„ 

lUdiauaBa osthd», uiarrar of Un^Eige daçt^uut detract 
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Names of the Compounds. Berzelius's Notation. (ïerhardt'sNotatioii. 

/ * N/ ' s 

Arseniuretted hydrogen As,He «4 vols. AsH, *»z rols. 

Hypochlorous acid gas. 01,0 «2 toIs. 01,0 «z toIs. 

Hypochloric acid gas . 01,04 «4 vols. CIO, «z vols. 

Protoxide of nitrogen . N,0 =2 vols. N,0 »2 vols. 

Binoxide of nitrogen , NjO, =4 vols. NO =2 vols. 

Hyponitric acid . . NjO* —4 vols. NO, «2 vols. 

Nitric acid N,05,H,0 « N,H,0« «4 vols. NHO, =2 vols. 

Nitrates N,0„RO= N^RO, — NRO, — 

Anhydrous sulph. acid SO, «2 vols. SO, «2 vols. 

Sulph. acid SO„HaO= SH.O^ — SH,04 — 

Sulphates SO„RO = SRO4 —- SRjO* — 

Carbonic oxide . . 'CO «=2 vols. CO » 2 vols. 

Carbonic acid . . CO, =2 vols. CO, =2 vols. 

Carbonates CO„RO= CRO, — CR,0, — 

Cyanogen . . . C,N, « 2 vols. CjN, « 2 vols. 

Hydrocyanic acid . . C,NjH, =4 vols. CNH =2 vols. 

Acetic acid . . . C4H8O4 =4 vols. C,H40, =2 vols. 

Alcohol . . . C4Hi20,=4 vols. CjHjO »2Vols. 

Ether .... C4H,oO =2 vols. C4H10O =2 vols. 

A comparison of these two systems of formulœ will 
give rise to some important remarks. The proportions 
between the atomic weights of hydrogen, oxygen, nitro- 
gen, chlorine, and carbon being the same in the two 
notations, it is evident, in the first place, that the formulae 
of bodies containing these elements should be identical 
whenever they are represented by two vk)lames ; in the 
second place, that the formulae of Berzelius should be 
double Gerhard t*8 formulas whenever the first represent 
four volumes. Thus, the formula by which Berzelius 
represented the composition of nitric acid is exactly 
double Gerhardt's formula. 

It may be asked — why should the founder of atomic 
notation prefer these doubled formulae corresponding to 
4 volumes of vapour, to simple formuloe which would 
refer all volatile compounds, with few exceptions, to the 
same volume ? He had good reasons for that. He con- 
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sidered tb&t cum pound bodies were alwaja formed by the 
addition of their elements, bo that in any combination 
each, of its ingredients occupied a, distinct place. Accord- 
ing to bim, combinations might be more or leas compli- 
cated, but they would always contain two elementary 
parts (either simple or compound) which would be in 
juxtaposition, and, as it were, opposed to one another. 
Chemical affinity would result from this opposition 
betwerti two contrary forces always tending to neu- 
tralise each other; and these opposing tbrces which 
govern chemical combinations were of the nature of elec- 
tricity. There are two electric fluids; every combina- 
tion should therefore contain two halrea — one electro- 
positive, the other electro- negative. Sach is in a few 
words the system of Berzelius ; the compound dualism 
of the electro- chemical theory. 

It is now seen why Berzeliua represented nitric acid 
by the formula N.;0,,IIiO. In hia view it WRS a combi- 
nation of the second order, containing integrally all the 
elements of nitric acid on the one side, and all the ele- 
ments of water on the other. I'he first constituted the 
electro-positive, the second the electro-negative element. 
To divide such a formula in half was to strike at the 
foundation of his system, for in the simplified formula 
there would neither be found the elements of water Dor 
those of anhydrous nitric acid. 

Again, nitrates would contain unchanged the elements 
both of nitric acid, and of the oxide, and if Gerzelius had 
adopted half the atomic weights for the metals he would 
have written the nitrates N^OjjlljO. His ideas would 
forbid him to simplify this or any analogous formula. 

Modem chemistry has changed all that. The dis- 
covery of substitutions struck the first blow at the 
electro -chemical theory. This memorable discussion 
I will long be remembered, in which a comparatively 
^Mmung chemist had the temerity to oppose his uevi t.'iieiyc^ 
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in opposition to the one which had stood its ground for 
twenty years. 

Chemists will recall that famous discussion in which 
Dumas proved conclusively that chlorine, an electro- 
negative elementi could replace hydrogen, an electro- 
positive element ; that chlorine could enter into organic 
molecules otherwise than by molecular addition. This 
was the commencement of the new chemistry. 

Gerhardt commenced by saying : — " Combinations do 
not take place by molecular addition; everything is 
effected by substitution." The basis of this idea lies in an 
hypothesis formerly started by Ampère concerning the 
combination of chlorine with hydrogen. He regarded 
the formation of hydrochloric acid as due to a double 
decomposition. If, said he, 2 volumes of chlorine, re- 
presenting 2 atoms, combine with 2 volumes of hydro- 
gen, likewise representing 2 atoms, to form 4 volumes of 
hydrochloric acid, it is evident that 2 volumes of this 
acid should contain i volume or an atom of chlorine, 
and the other 2 volumes the other atom of chlorine ; and 
the same in the case of the hydrogen. It is then evi- 
dent that there has been a change between the atoms of 
hydrogen and of chlorine, that is to say, a double decom- 
position ; 

HH + C1C1=HC1+HC1.- 

M. Dumas expressed the same thing under another 
form when he said that in the combination of hydrogen 
and chlorine the physical atoms of these bodies became 
halved.* M. Dumas termed physical atoms what Ger- 
hardt designated by the name of molecules. One 
molecule of chlorine contains two atoms and corresponds 
with two volumes. Free chlorine, according to Gerhardt, 
is chloride of chlorine; free hydrogen is hydride of 
hydrogen. A molecule of hydrochloric acid (HCl) con- 
tains, therefore, as many atoms as a molecule of hydro- 

t Dumas. Philoiophit Chimique. Z65. 
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Ï^E (RE), and if a molecule of hydrocj'anic acid ia HCy, 
^ nalecule of cyanogen must be repregeoted bj CjCf . 
!■ r?e cjanogen is, therefore, a cjanide of cyanogen. 

Thaa, not only do the molecules of compound bodies 
cori-espond to two volaraes, but the moleculea of simple 
Indiee themselves muât be similarly viewed. In their 
mtileciilar complication these latter approach the nature of 
CDmpaund bodies, except that the elementary atoms they 
Nntnia are of the same kind. Simple bodies can there" 
fore undergo double decomposition the same as compound 
ndics. In all chemical ruucliuns it is the molecules 
Vbtoh enter into cnllisioti and exchange their atoma in 
nuh a manner as to give rise to new molecules. Wlieu 
hydrogen combines with oxygen it attacks a moleonleof 
(itygen, which being defeated, becomes converted into 
'Wo molecules of water; iHH + 00=HiO + HjO. 

In the same manner, the combination of acids with 
hits depends upon double dccompositioti. When acetic 
icid combines with oxide of silver there ia on exchange 
ofdementB between two moleculesof acid and one mole- 
cule of oxide of silver ; water and acetate of silver are 
fonned by double decompoaition ; 

iCjHiOj+AgjO = iCj(H,A6)0i+ H^O. 

Thus acetate of silver does not contain, as BerEcliua 

imagined, all the elements of a molecule of oxide of 

ivcr. It contains a single atom of silver, which is 

jlratitnted for a single atom of hydrogen in a molecule 

Such are the ideas which are intimately connected 
wilh Gerhardt'B system of atomic weights and notation, 
»iid which have led to a dislinct separation between the 
notion of atoms and that of molecules. 

An atiiiii ia the smallest quantity of an element, 
indivisible by chemical means, which can exist in a 
compound bod}-. 
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A molecule is a group of atoms, forming the smalles 
quantity of a simple or compound body which can axis 
in a free state, or is able to take part in, or result from, 
reaction. 



SECTION II. 
New System of Atomic Weights, 

Gerhardt's system of atomic weights and notatioi 
never received the unanimous assent of chemists ; am 
the discoveries since made seem to show that thei 
author went too far in the reform which he inaugu 
rated. It has been previously shown that he coir 
pared the protoxides to water, and attributed to the 
the general formula K2O, and that the equivaler 
of the metals were, in consequence, doubled. T 
density of mercury vapour seemed to furnish an ar/ 
ment in favour of such a reduction, but this argum 
is really of little value. The vapour-density of mere 
is evidently an anomaly, which we will endeavoi 
define and explain further on. The vapour-denf 
of chloride, bromide, and iodide of mercury assif 
this element an atomic weight double that wh 
deduced from the anomalous density of its own va 

The reduction of the atomic weights of most 
metals as proposed by Gerhardt would be cont 
the law of Dulong and Petit, to which the accu^ 
searches of M. Regnault have latterly drawn at 

M. Regnault remarked that, as early as 1849,* 

♦ AnnaUê de Chimie et de Physique, jrd series, xxvi 261 
Premier» Elements de Chimiet by M. Regnault. 1850, p. 54. 
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Didonff and Petit applied, with a few exceptions, to all 
I elements ; and that to hring these under the influence 
the same general law it was only necessary to double 
I equivalents of hydrogen, nitrogen, chlorine, bro- 
ae, iodine, phosphorus, arsenic, potassium, sodium, 
i silver; " for," said he, " the equivalents of these 
Sies, as given by their specific heats, are half those 
ûch have been fixed upon from chemical considcra- 
ns." He said justly that the numbers so obtained no 
iger represented equivalents, and he proposed to tern) 
em Thermic proportional numbers. 
To double the equivalents of hydrogen, nitrogen, 
.lorine, bromine, iodine, phosphorus, and arsenic was 
' ret am in the case of these metalloids to the atomic 
eights of Berzelius. 

Gerhardt had already done this, but while the latter 
bemist proposed for all metals atomic weights half as 
?reat as their equivalents, Kegnault confined this re- 
luction to the equivalents of potassium, sodium, and 
olTer, to which he has latelv added lithium. Gerhardt 
mpposed that all the protoxides, R2O, possessed the atomic 
composition of water, H2O. In adopting the numbers 
proposed by M. Regnault, this supposition is confined 
to the oxides of the alkali metals and to oxide of silver. 
ÛI8 formulae of which become — 

Of potassium. Of sodium. Of lithium. Of silver. 

Orides . K2O NaaO Li20 Ag.,0 \ analogous 
Hydrates. (KH)0 (NaH)0 (LiH)O " ] to HoO. 

The other oxides, in which one atom of oxygen is 
udted with one instead of two atoms of metal, have their 
WQpoaition expressed by the general formula KO. Each 
Iteof one of these latter metals corresponds, therefore, 
^ two atoms of potassium or two atoms of hydrogen ; 
^ is at present expressed* by saying that they are 
^iitoinio. The following oxides are of this class : — 
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Ba"0, Sr"0, Ca"0. Mg^O. Mn"0, Fe'^O, Za^'O. 

Pb"0, Hg"0.* 

The idea of diatomic metals was first announced hj 
M. Cannizzarof ; the principal argument in favour of this 
view being founded on the existence of diatomic radicals^ 
in organic chemistry — an idea which was introduced 
into science bj mj own experiments on the formation of 
glycol with diniodide or dibromide of ethylene. These 
experiments showed that ethylene or propylene, which 
combine with two atoms of bromine or chlorine, can 
also replace two atoms of silver or hydrogen, and are 
consequently equivalent to two atoms of a monatomic 
element.§ 

But organic radicals are the representatives of the, 
elements in the mineral kingdom, and the existence of 
polyatomic organic radicals constitutes a powerful argu- 
ment in favour of the polyatomicity of certain metals. 
It must be mentioned that this idea of the polyatomicity 
of certain elements dawned upon chemistry slowly and 
by degrees. This is too important a point to be passed 
over slightly ; we will return to it again, merely men- 
tioniDg at present that Dr. Odling first suggested that 
those metals should be considered as triatomic which are 
in combination with three atoms of oxygen in the sesqui- 
oxides 11203. 

It has been already mentioned that the atomic weights 
deduced from the law of Dulong and Petit, and which 
represent the thermal equivalents of simple bodies, are 

* The accents ' '' "', the emplûyment of which in chemistry was 
introduced by Dr. Odling, show atomicity or substitution value; 
Ba", is equivalent to ^W in respect to O" in the combinatioBB 

j[! I O" and Ba" 0".— {Quarterly Journal €f the Chemical Society, 1856^ 

▼ii., I.) 

t Sunto di un corso di filosofia chimica fwito ndla R. Univertità di [ 
Genova, dal Prof. B. Canniszaro. ' Pisa. 1858, p. 35. 

t Ibidy page 34. 

§ Leçons professées à la Société Chimiçiite de Paris, L 108. 
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te WÊPÙifè 9M the atomio weights of Berzeliiis, except in 
the ease of the alkali metals and silver. This will be 
ma hy the fc^owing taUe» in which the new atomic 
m^ts are compared with those of Berzelius and of 
Onhardt. To assist comparison, all these atomic weights 
bate been reduced to the same standard (hydrogen =^ i ). 
the nnmbers in the third colomn have been obtained by 
finding by 6'a4 — that is to say, by the atomic weight 
)f hydrogen on the O == loo scale, — the atomic weights 
ilBenelins as given in the table on pages 17 and 18. 



Smetcfti» 



B^ydrogen 
(hygen. 

CUonne 
Btamdne 
lodiiie . 



cMfwinTn 

ïtOarinm 

noBphoms 

Ammo, 

Qnbon . 

torn* . 

KKdnm. 

Sfinoainmt 

Musram 




ibar 



New Atomic 
Weights. 

I 
16 

14 

35-5 
80 

19 
32 

79*5 
129 

31 

75 
12 

II 

28 

896 

39'» 
23 

7 
108 



Atomic Weigrhts 
of Berzelius. 

I 

16 
14*02 

35'5» 
8009 

127*08 

l8'70 

3217 

79'37 
128*48 

3 1 '4» 

75*22 

12*04 

21*82, of which 1= 
44*51, of which |: 
67*26, of which |: 

78-47 
4643 

1308 

216*29 



=10 91 

r29*66 

=89*6 



Atomic 

Weights of 

Oerhardt 

I 

16 

14 

80 

127 

19 

32 

79'S 
129 

31 

75 
12 

II 



>> 

49 
23 

7 
108 



*B(meUii8 wrote boric acid B0O3, and chloride of boron Bo^ls, 
S'Bodo, whilst he represented the composition of silicic acid and ' 
llllids of silicium by the formulae SiOs and SiCIr. According to 
Ijll^itinii densiyes of chlorides of boron and silicium, it is better to 
lllMmt their composition by the formulae B0CI3 and SiCU» and 
|ppqO0tttly that of boric and silicic acids hiy the formulas Boa Os and 
IDiv» Hie atomic weight which Berzelius attributed to boron must, 
MMlnra^ be reduced one-half, and that of siUcium two-thirds. 
i BMsBeliiu represented zirconia by the formula Zr203. By adopt- 
JlâMfiffmnla Zr02« the atomic weight of zirconium is increased by $• 
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Names of the New Atomic Atomic Weights 
Element**. Weights. of Berzeliiw. 

Barium . 

Stroutium 

Calcium . 

Magnesium 

Aliuuinium 

Manganese 

Chromium 

Uranium 

Iron 

Cobalt . 

Nickel . 

Zinc 

Cadmium 

Copper . 

Lead 

Bismuth 

Tin 

Titanium 

Tungsten 

Molybdenum 

Vanadium* 

Antimony 

Mercury 

Rhodium 

Palladium 

Platinum 

Iridium . 

Ruthenium 

Osmium 

Gold . 



• 137 


137*06 


. 87-5 


87-48 


. 40 


40-32 


• 24 


25*34 


. 27 


*7'39 


. 55 


55'23 


. 53'5 


52-70 


. 120 


118-88 


. 56 


56-17 


- 59 


59*07 


• 59 


59*19 


. 652 


6516 


. 112 


111-66 


. 63-5 


6339 


. 207 


207-47 


. 210 


213-20 


. 118 


117-83 


. 50 


48-3 


. 184 


19044 


. 96 


95*53 


. 68*6 


137*32 


. 122 


129-24 


. 200 


200*52 


. 104-4 


104*48 


. io6'6 


106-64 


• ï97'5 


197*44 


. 198 


197*44 


. 104*4 


>f 


. 1992 


19913 


. 197T 


196*98 



Atomic 

Weights of 

Gerhardt 

68*5 

43*75 
20 

12 

13*75 
27*5 

26*25 

60 

28 

29-5 

29-5 

326 

56 

31*75 

103*5 
210 

5Q 

25 
92 

48 

»» 

122 

100 

>> 

>> 

98*5 
98*5 

>» 

>» 

>» 



It will be seen that with few exceptions the new 
system of atomic weights is almost identical with that 
of Berzelius; and that in respect to the metals, the 
new atomic weights are double those which Gerhardt 



* Berzelius wrote perchloride of vanadium VCle. 

t A description and discussion of the analytical methods by which 
these numbers have been obtained would be beyond the domtin of 
this work. The reader may consult with advantage on this subjed 
the numerous memoirs of M. Dumas and the classical researches 
which have been lately puUished by M. Stas (vide Chemical Nkwb, 
voL iv. pp. 181, xo6» ZI5, 2x8, Z4$, 2J7, 270» 282, 197, $07, 1*4, ^jj, and 
vol, ▼. pp. I, I5i t9. 57^ 
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•kpted, eroept tboae of the alkali metals, and silyer, 
Umnth, and antimony. 

It DOW remains to demonstrate that this system of 
atomic weights is in better harmony than any other ; 
int, with the physical data which serve for the control 
■ad determination of atomic weights, and second, with 
tile ehemical facts. 

The physical data made use of are : 

I. The law of specific heats. 

s. Isomorphism. 

3. Vapour densities. 

1« Tlie ii«w^ atomic ireigrhtt are identical, irlth 
abMrt three exceptions, with thone dednced from 
BaloniT and Petit'» law. It follows from M. Keg- 
uralt's researches that the anomalies observed in this 
liw (pointed out at p. 21) were owing to inaccurate 
determinations of the specific heat of many bodies. 
Bnt, on the other hand, M. Kegnault has found that 
thk law does not yield results of that rigorous accuracy 
which it was at first supposed to do, as may be seen by 
the following table : — 

Product of 
S^ciflc At'^mic speoiûc heat 
Kam«s of solid elements. neata. weights, multiplied 

by atomic 
weight 

Snlphor (between o" and 100') . o'2oz6 32 6*483 

Sfljoimii 0-0762 79*5 6 058 

2™nuni o'o474 129* 6 '115 

. «OBiitte (between- 7 8°and— 20**) 0*08432 80 6*746 

wdine (between 0° and 100") .0*05412 127 6*873 

"WWphonis (between I o^and 30") 0*1887 31 5*850 

^"■ûôic 0*08140 75 6*095 

. 0*200 12 2*400 

. 0*147 '* 1*764 

. 0*250 II 2*750 

. 0*176 28 4*928 




\ diamond 
UfitsUised boroi 
^'ucinm (mean)* 



* Hegaavlt, AnTiales de Chimie et de Phj/sigue, 3rd series, IziiL 24 
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Frodnct of 
Warn., of «Bd el«n«,t.. SP^»" ^^^ '^Jp£* 

weigbt. 

Potassium 0*1695 39*1 6*500 

Sodium (between -34°and-h 7°} . 0*2934 2j 6*748 

Lithium 0*9408 6*586 

Thallium 0*03355 204 6*844, 

Magnesium .... 0*2499 ^4 5*99^ 

Aluminiimi .... 0*2143 ^7 5 '7^6 

Manganese 0*1217 55 6*693: 

Iron 0*513^ 56 6*115 

Zinc 0*09555 65*2. 6*230 

Cadmium 0*05669 112 6*349 

Ck>balt 0*1068 59 6*301 

Nickel 0*1089* 59 6*424. 

Tungsten 0*0334 184 6*146 

Molybdenum .... 0*0722 96 6*931 

Lead 0*0314 107 ^'45^ 

Bismuth 0*0308 210 6*468 

Copper 0*09515 63*5 6*042. 

Antmiony 0*05077 122 6*118 

Tin 0*05623 118 6*635 

Mercury (between— 77*^^5 &— 44°) 0*03247 »oo 6 *494. 

Silver 0*05701 108 6*157 

Gold 0*0324 197 6*383 

I^tinum 0*03293 197*5 6-487 

Palladium ..... 0*0593 106*5 6*315 

Osmium 0*03063 199*2 6*101 

Khodium 0*05803 104*4 6*05? 

Iridium 0*03259 198 6*453 

It is seen that the only exceptions to Dulong^ and 
Petites law are carbon, silicium» and boron. This cir- 
cumstance is doubtless due to some peculiarity in the 
moleeular constitution of these bodies in the free state^ 
and whkh is connected with the many allotropie states 
which they can assume. Let us take carbon as an 
instance. The different modifications of this element 
possess different specific heats» and consequently dif- 
ferent thermal equivalents; and whilst in the case of 

* Mean of M. Begnault^s determinatioKiSy Annaiu dt Chimie tt dr 
fkytique, }rd series» IxiiL 2^. 
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lents l!ie thermal equivalents are idcntital 

atomic weights obtained bj chemical moand, 

t the caae with carbon. It is also to ba re- 

B-ked that there esi«ta no simple relation betweea the 

mal equivalents of carbon and its atomic weight, ii. 

illowing table theae thermal eqoivalents have 

obtained by dividing Ihe constant product 6-4* by 

feipeciflc heals : — 

ThomiBl A'"™'!' 
SpMllldhsati. ^m,^uu. '••^^^°' 

1 Animal charcoal . o'iéots i4'5 

. O-lOO Jl-O 1Ï 

. o'i47 4î's 

Expérience, moreover, haa shown that carbon in com- 

ptton poseeBses a different speciho heat from that 

n its different modifications. If, therefore, 

long and Petil's law were rigorously esact. one ought 

lay that, as carbon posseBses different spécifie Iieata 

ng as it is free or combined, and according to its 

It allotropie states, so also does it possess different 

c weights ; these atomic weights being identical 

I the thermal equivalents given above. This con- 

1 appears strange at first sight. It is, however, 

ingthened by the interesting facts which Mr. Broctief 

Bdiscovered relative to the oxidation of graphite. In 

Kting this body with nitric acid and chlorate of potash 

■ obtained a certain acid, graphic acid, in which he 

ence not of carbon, but of graphite itself. 

he composition of this acid by the for- 

\ GfiH^Of, in which the graphite possesses the 

reight ;;3, which approaches closely to the 

mal equivalent 31 indicated above. 

ihuB, chemical facts and theoretical considerations 

* Hmn of ths prodnct of stiiniic wcighta by spedflt: benU. 



42 SPECIFIC HEATS OF CARBON. 

respecting specific heat lead us to look upon free carboa 
as forming in its various states aggregations of matter 
differing from the chemical atom which exists in the 
combinations of this body. These aggregations which 
are governed by heat differ in relative weights according 
to the allotropie states of carbon. They represent the 
physical atoms of free carbon, and for graphite at least 
it would appear that these atoms are capable of forming 
special combinations. 

Such is the interpretation which the facts at present 
known allow us to give to the anomalies which are pre- 
sented by the specific heats of carbon. There is nothing 
to prevent the same interpretation being extended to 
boron and silicium, which are similar to carbon in the 
number of their allotropie states. 

As to the other elements, it is seen by the preceding 
table that the product of their specific heats by their 
atomic weights are practically equal, which is the same 
thing as saying that the specific heats of their atoms are 
sensibly identical. They are not absolutely the same, 
to judge by the results of experiment ; but the differ- 
ences which are shown in this respect may be due to 
certain disturbing causes. 

In reference to this subject, it must, in the first place, 
be considered that the atomic weights of some elements 
are not determmed with all the accuracy which is 
desirable, and the same, perhaps, may be said of the 
specific heats of some simple bodies which it is difficult 
to isolate in a state of perfect purity. On the other hand, 
as M. Kegnault has observed,* the determination of the 
specific heats of solid bodies involves some uncertainty, 
*' for it includes many other elements which have not 
yet been successfully separated, especially the latent 
heat of dilatation, and a portion of the latent heat of 

* Annales de Chimie et de Physique^ 3rd series, xxvi. z6z. 
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1 which bodies BQCcessivelj absorb as tbejsofteo, 
pienClj long beforethetemperatare which is regarded 
r fusing point." 

liar disturbing influences naturally interfere with 
I specific best of compound bodies. It has been 
observed that, in general, equivalent quantities of sub- 
stances which possess a similar atomic composition have 
also the same specific beat ^ the proiluct of the specific 
beat of these substances bj their atomic weights is 
seusibly equal ; and if this product is called atuniic 
hent we may say with Hermann Kopp " that these 

This latter physicist has, however, pointed out several 
exceptions to this law. Whether they be duo to the 
above-named disturbing influences, or to some other 
canse, it is not less true that the law in question is worth 
attention, for it is verified in the case of many groups 
of anftlofous bodies, proyided the new atomic weights 
are adopted for the elements. Thus the oarbonatcsf 

E,C03=R0,C0.j 
and the silicates — 

E,SiOs = BO,SiOj 

have the same atomic heat, provided the atomic weight 
I z is taken for carhoii, and iS for liiliciutn. 

M. Kegnanlt observed some time ogo that the chlo- 
rides of tin, titanium, and silicium possessed sensibly the 
same atomic heat, provided the composition of chloride 



> eiimvrjinkl».'^ — Anivia dt 



trate» and chlumtss RNGs and RC1&„ port 
angBiuitM RCIGj ™fl RMnQi, 6ulphatea md 
id RCrO.. 
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of silicium were expressed by the formula SiCl4, and the 
atomic weight of silicium were consequently taken at 
28*. The following figures demonstrate this : 

Chloride of tin . . 0*1413 260 3^*7 , 
Chloride of titanium . o'i8i3 192 »^'8 A 
Chloride of silicium . 0*1907 170 ''32'4 

It is thus that theoretical considerations respecting 
the specific heat of some compounds of carbon and sili- 
cium justify the atomic weights assigned to these 
elements, which, in the free state, form exceptions to 
Dulong and Petit's law. 

Upon comparing the atomic heats of a large number 
of compound bodies, it is observed that they are formed 
of the sum of the atomic heats of their elements. Indeed, 
the product (CA) of the specific heat multiplied by the 
atomic (molecular) weight is practically equal to n x 6*4$ 
n being the number of elementary atoms contained in a 
compound having the specific heat C, and the molecular 
weight A ; and 6*4 being the mean atomic heat of simple 
bodies as derived from the table on pages 40 and 41 . We 
thus get the formulât ^ ^ 6-4= CA. 

In some cases this relation may serve for the indirect 
verification of an atomic weight. As an example : — Is 
the atomic weight of mercury 100 or 200 ? 

In the former case if we represent 100 of mercury by 
the symbol Hg, the mercurous and mercuric chlorides, 
bromides, and iodides contain — 

Mercurous Mercuric 

compouads. compounds. 

HgjCl HgCl 

HgsBr HgBr 

HgjI Hgl 

* AnnaUi de Chimie et de Phyeique, 3rd series, ix. 341. 
t Hermann Kopp, Comptée SendvUf ItL 1154. 
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j^n the latter cose, if wc represent loo of mercury bj* 
h barred sjmbol H;;,* tbej become — 







Hg.Br, 


HgCTj 
HgBr, 



P Jadging hom the xpecillc heats of these cotnpâanda, it 
ia the second of iho foriDula] which expreas^s the atomic 
n of these chlorides ; for in tbia c<isc we have 
= 4 for tbe raercaraas compouads, and n ^ i for tha 
c compounds; and the atomic heals, nhicb caa 
be calculated occordiog to the precedjag formula, are 
practically the same as those directly dedaced from 
périment al data. 



by ipcdllc heat. 

, ExperlmcnUl 



k most be meationed that this Terj simple relation 
le atomio heat of a compound and tbe atomic 



M bLmHl Bymbob reprfiaetit bridlo? whose 
tlr eqiitvnleDtH, as explainod further on 
I Or BgCl, SgBr, Bgl. The» are 

he apadfte beat of Uh> conipamid budiu in i 
Mde En reTereiuji) lo the atomic weight of i 
l^twhetBcer OD the >iUBation u to doubling 
ounds. It theyani doublad, 
lilaof thaequadon— 

■bemnlilpUed by i. 
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heats of the elements which it contains does not hold 
good, according to M. Hermann Kopp, for all com- 
pounds. It is accurate in the case of chlorides, bro- 
mides, and iodides. It has just been shawn, for in- 
stance, that the iodine and the mercury possess, in the 
form of iodide of mercury, the same atomic heat which 
they have in the free state. But this is not always 
the case. The preceding rule, therefore, will not bear 
general application. 

2. Tlie new syttem of atomic wefgrlit" !■ !■ 
harmony witli the law of itoniorphltm. — ^Isomor- 
phous bodies are, in fact, represented by analogous for- 
mulae. Thus cuprous sulphide, which is isomorphous 
with sulphide of silver, AgjS, is represented by the for- 
mula CU2S,* whilst Gerhardt gives it the formula Cu4S.t 
Sulphate of silver and anhydrous sulphate of sodium 
receive the analogous formulae 

SAgjO* and SNajO^. 

The isomorphous sulphates of the magnesian Series are 
represented by the formula 

SMO4 + 7H2O. 

The double sulphates of the same series receive the 

formula 

SMO4 + SR2O4 + 6H2O 

Lastly, the composition of alums is represented by the 

formula 

SgRaOia + SR2O4 + 24H2O. 

3. The new^ system of atomic w^eigrhts is In har- 
mony w^ith the relations existingr hetween the 
densities of grises and Tapours» and their nioAe» 

* Cu=63*5 ; S=3Z. t Cu=iji7S ; 8=3». 
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cular welgrltt** — i. Let us first consider the relations 
discovered by Gaj-Lossac between the densities of simple 
gases and their atomic weights. With some exceptions 
these densities are proportional to the atomic weights, in 
such a manner that if, instead of being compared with 
air, they are compared with hydrogen taken as unity, 
the same numbers will express their densities and atomic 
weights. The following table will show this * : — 

DenMties of gases Densities com- 
Names of Pimple and vapours ®" iJ if*^™ Atomic 

Bodies. compared with ^ifiS^J^.,? weights. 



air. 



hydrogon. 



Hydrogen . . 0*0693 i 1 

Oxygen . . 1*1056 15*9 16 

Nitn»gen . . 0*9714 14*0 14 

Sulphur (at 1000") 2*22 32*0 32 

Chlorine . .2*44 35*2 35*5 

Bromine . . 5*393 77*8 80 

Iodine. . . 8*716 125*8 127 

It was upon the remarkable relation between the den- 
sities and atomic weights that this celebrated proposition 
of Ampère and Berzelius was chiefly founded: equal 
voluynes of gases contain the same number of atoins. 
One atom of the preceding gases corresponds to one 
volume. "VVe shall see that, slightly modified, this pro- 
position is also applicable to compound gases. 

But we ought not to pass over in silence the excep- 
tions which have been discovered to the preceding law. 
Phosphorus, arsenic, mercury, and cadmium diverge from 
it. The densities of their vapours compared with that 
of hydrogen are not the same as their atomic weights. 
They only present a simple relation with their atomic 
weights, as shown by the following figures : — 



♦ To reduce the densities of gfases to that of hydrogen, it is only 

necessary to multiply them by *4*44=o'o5n7 which is the ratio between 
the density of air and that of hydrogen. 
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Names of Simple Vapour densities Vapour densities ^^„,^ 

Bodies. compared compared ^e^hL 

with air. with hydrogen. wo»x"«-- 

Phosphorus . .4*4.2 63*8 31 

Arsenic . . io'6 153 'o 75 

Cadmium . . 3*94 56*9 ua 

Mercury . . 6-976 1007 200 

It is seen that the vapour densities of phosphorus and 
arsenic lead to double the atomic weights assigned to 
these elements, whilst, on the contrary, the vapour 
densities of cadmium and mercury give atomic v^eights 
half as great as those which belong to them. In other 
words, the first two vapour densities are twice as large 
as they should be ; the second are half as large, and 
whilst the atoms of other gases correspond to one 
volume, those of phosphorus and arsenic correspond to 
half a volume, and those of mercury and cadmium 
correspond to two volumes. 

With phosphorus and arsenic the anomaly is of the 
same character as that presented by the vapour of suU 
phur at 500^} but the vapours of the former two elements 
do not appear to expand like that of sulphur at higher 
temperatures so as to be brought to their normal densities. 
It is, however, possible that this phenomenon of expan- 
sion does not commence, in the case of these very dense 
vapours, except at temperatures inaccessible to our 
means of investigation. 

Mercury and cadmium, to which must probably be 
added zinc, present an inverse anomaly ; their vapours, 
in the tree state, are too little condensed. We will 
endeavour presently to explain this fact by comparing 
these metals with certain organic radicals which offer 
analogous phenomena. At present it remains for ns to 
show that these exceptions do not embarrass the theory. 
They arc apparent when the bodies in question are 
examined in the free state, but they disappear whf 
the most definite compounds of these same bodies 



-^ar ■ 
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taken, l^lien combined with hydrogen, chlorine, 
bromine, iodine, and with organic radicals, the bodies 
io qoestion, that is to say, phosphorus, arsenic, mercury, 
and zinc, possess their normal vapour density. To show 
that this is so, it is necessary to recall and to accurately 
define the relations which exist between the atomic 
oomposition of compound bodies and their densities in 
the state of gas or vapour. 

n. These relations arc of the most simple character, 
and it may be expressed by saying that vqual volumes 
of gases contain the same number of molecules under 
identical conditions of temperature and pressure, and 
that consequently the molecular toeif/hfs of compound 
Mies are proportional to their densities in a state of 
gas or vapour. This is the proposition of Ampère and 
Berzeiius slightly altered in its wording, and applicable 
in its new form to simple as well as to compound 
gases. It here refers to molecules, and not to atoms, for 
it is evident that compound gases do not always contain, 
for the same volume, tlie same number of atoms, in the 
sense in which we have used this word. 
In foot, we know that 2 volumes of hydrochloric acid 
- contain i volume or i atom of chlorine, and i volume 
or I atom of hydrogen — that is to say, 2 elementary 
atoms ; whilst 2 volumes of ammonia contain 1 volume 
or I atom of nitrogen and 3 volumes or 3 atoms of 
hydrogen — that is to say, altogether 4 elementary atoms. 
Experience teaches us, on the other hand, that 2 volumes 
of hydrochloric acid combine with 2 volumes of ammo- 
nia. We are, therefore, led to regard the quantity of 
hydrochloric acid which contains i atom of chlorine 
and I atom of hydrogen (and which corresponds to 2 
volâmes) as representing i molecule of this acid ; and 
to look upon the quantity of ammonia which contains i 
atom of nitrogen and 3 atoms of hydrogen (and which 
orresponds to z volumes) as representing i molecule 
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of ammonia. Thus hydrochloric acid and ammonia 
contain for the same volume an equal numher of mole- 
cules, and it is the same with the other compound gases. 
In the case of hydrochloric acid and ammonia, which 
we will continue to take as examplesi their molecular 
weights correspond in consequence to weights of two 
volumes of each gas — that is to say, to their double 
density, for the density represents the weight of one 
volume (or unit of one volume). If, therefore, the den- 
sities of these two gases were expressed in relation to 
hydrogen, which represents unity in the system of atomic 
weights, it would be sufficient to double the numbers 
expressing these densities to obtain their moleculai 
weights. That is to say, to obtain the latter, the 
densities found in relation to air must be multiplied by 
t.wice the ratio of the density of air to the density o: 
hydrogen, or by — 

*^0-0ti9 3 0-7)0 9 3 *° °°' 

Let us, therefore, make the calculations we have jusi 
given, not only for compound bodies, but also for th( 
elements, and let us group the bodies in such a mannei 
as to bring out certain analogies. We shall thus find th* 

* This fact may be established in another way ; equal volumes < 
simple or compound giises c(mtain the same number of molecules, th 
molecular weights of wliich are in proportion to their deuHitieb. Thn 
the density of hydrochloric acid is to the density of hydro;<cn as tb 
molecular weight of hydrochloric acid is to the molecular weight c 
hydrogen : this latter is = a, for it corresponds to two atoms. Th 
molecular w«jight of hydrochloric acid is obtained, cousequentl] 
by the following pr.>iH)rtiou ; — 

L3^7_ —^ ^ whence x = i -147 x -. * - 
0069J z 00695 

Thus, to find the molecular weight, it is only necessary to multipl 

the densities by the constant ratio . — -- 18 "88 The numeratoi 

o 0693 

thxis represents the molecular weight of hydrogen. Wo have givi 
above the rea<-ons which have induced MM. Dumas and Gerhardt 
look upon free hydrogen — that is to say, one molecule of hydrogen 
AS formed of 1 atoms. Other simple bodies have been regarded in * 
iojnc light. 
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Bokenlu weiglits of all these bodies ; wo can construct 
luir fondulsB, and can Terify if the atomic weights de- 
hued from the vapoar-densities of compound bodies are 
lentical with those we have already given. In the fol- 
Ofwing table the numbers inscribed in the third column 
epreient the double densities of volatile substances com- 
«red with hydrogen ; these numbers agree sensibly 
nth those given in the fourth column, and which re- 
■Kientthe molecular weights deduced from chemical 
onnderations. 







Donblo 








■n densities, as Mnle- 




Nuues of bodies. 


JJcn- 
sitics. 


compared 


cular 


Formul» 




with 


weigh tc 


1. 






hydn'gen. 






[ydrogen 


0*0693 


2*0 


2 


H3 


Worine . 


2*44 


70*5 


71 


CI2 


romine . 


5"54 


159-0 


160 


Br2 


)dine 


8*716 


251*7 


254 


I2 


yanogen . 


1*806 


5*'i 


5* 


Cya 


[ethyl . 


1*0365 


29*9 


30 


Me, 


iydride of methyl .. 


0*558 


i6*i 


16 


Meir 


thyl . . . 


20462 


59*09 


58 


Eta 


xygen . 


1*1056 


31*9 


32 


O2 


i^hur . 


2*22 


63-5 


64 


S, 


'ater 


0*62-15 


i8- 


18 


IT.O 


Uphuretted hydrogen 1*1912 


34*4 


34 


II2S 


ilphurous acid 


2*234 


64*5 


64 


SO2 


dphuric acid . 


2*763 


79*8 


80 


SO3 


.trogen . 


0*9714 


28*0 


28 


^^^ 


otoxide of nitropren 


1*527 


44.*! 


44 


N.,0 


noxide of nitrogen. 


1*038 


29*98 


30 


NO 


rponitric acid 


172 


49*5 


46 


NO2 


^thylamlne . 


I 08 


3i'i9 


31 


NMeHj 


omoiiia . 


0*591 


17*07 


17 


NII3 


osphorus 


4*42 


127*6 


62 


P4* 



It ifl seen that the moleciUar weights of phosphorus and arsenic, 
leduced from thoir vapour donKities, are double those which their 
Icgy to nitrogen would cause to be given to them. Wliilst the 
Bccde of free nitrogen is Na =2. vols., the molecules of free phos- 
I and arsenic are P-i and Asi = 2 vols. 
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Names of bodies. 



Phosphuretted hydro- 
gen . . .1*184 

Protochloride of phos- 
pliorus . 

Oxychloride of plios 
phorus . 



Double 
■pw densities, as Mole- 
rr.® Z compared cular F< 
v?ith weights, 
hydrogen. 



sities. 



34-2 



Arsenic . 
Arseniuretted hydro 

gen 
Chloride of arsenic 
Iodide of arsenic 
Triethylarsine . 
Kakodyle (arsen-bi 

methyl) 



Oxide of carbon . 0*967 

Carbonic acid . . 1*529 

Marsh gas . . 0*559 
Chloroxycarbonic gas 

(chloride of carbony 1) 3*399 

Chloride of carbon . 5*415 

Sulphide of carbon . 2*645 



4*742 136*9 
5*3 1531 



10*6 



306 



34 P 

137-5 P' 

153*5 P 

150 A 



2*695 77*8 
6*3006 i8i*9 
16*1 
5*61 



78 
181*5 
464*9 456 
162*0 162 



7'i 



205*0 210 
28 



27*9 
44*1 
16*1 



44 
16 



98*2 99 

156*4 154 

76*4 76 



5*939 

5*13 
3.600 

7*3^5 



171*5 
148*1 
103*9 

211*5 



170 
144 
104 
208 
260 



9*199 265*7 

8*021 231*6 234 
197*5 206 



Chloride of silicium 
Silicium-ethyl 
Fluoride of silicium 
Tetarethylic silicate 
Perchloride of tin 
Stannotetrethyl 

(stannethide) 
Stannodiethyl - di- » ,,g ^ 

methyl . . ) ^ 
Chloride of Stanno- j 

triethyl (of ses- J 8*430 243*4 240*5 

quistannethyl) ) 
Bromide of stanno- ) . ^r^r o. 

triethyl . j ? 9»4 »86-6 285 

Iodide of stannotri- ) . ^ 

methyl . 1'° 3' *9« *9° 

Bichloride of stanno- ) «. 

diethyl . 1 « 710 251-5 247 



A 
A 
A 
A 

A 

C< 
C< 
C] 

c< 

c< 

CI 

Si 
S: 
S: 
S 
S: 

S 
Sr 



15 



S 



* See note, preceding page. 
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Names of bodiee. 



Den- 
sities. 



I^ibromideofstanno- ) ^ 
diethyl . /"'^4- 

CWoride of zirconium 8* 15 

Chloride of titanium. 
Chloride of boron . 
Bromide of boron 
Jluoride of boron . 
Boracictriethyl 
Boracictrimethyl 
Tnmethylic borate . 
j^ieihyhc borate . ^ .^ 
Chloride of vanadium 6*14 
Chloride of antimony 7 • 8 
Triethylstibine(8tibe- 

thyl) . . . 7*23 
Chloride of bismuth . 11*35 
O^ychloride of chro- 

niiam . . • 5'5 

Chloride of aluminium 9*34 
Bromide of aluminium 18*62 
Iodide of aluminium. 27*0 
Perchloride of iron . 11*39 

Osmic acid 



Double 
densities, as &role- 
com pared cular Formulae. 

with weights, 
hydrogen. 



336*1 

»35"4 

6*836 197*4 
3*942 113*7 
8*78 253*6 
2*3694 68*4 
3*4006 98*2 

1*9314 55'8 
3*59 103*7 

5*14 148-4 

177*3 
•1^5*3 

2o8*8 
327-8 

158*8 

269-7 

537*7 
779-8 

328-9 



336 Sn| 



33Ï 

192 

"7*5 
251 

68 

98 

56 
104 
146 

175 
228-5 

209 
316*5 

156*5 

268 

535 
817 

3^5 



Zinc-ethyl . . 4*259 
Mercury . . . 6*976 
Chloride of mercury. 9*8 
Bromide of mercury. 12*16 



Iodide of mercury 
Mercuric dimethyl . 
Mercuric diethyl 
Mercurous chloride . 
Mercurous bromide . 
Ethylene . 
Chloride of ethylene. 



15*9 
8*29 

9*97 

8*21 

10*14 
0*9784 

3 '4434 



123 
201 '4 
283 

351** 
459-2 

239*4 

287-9 

237-1 

292*8 

28*2 

994 



123 

200 
271 
360 

454 
230 

258 

235*5 
280 

28 
99 



Et2 
Bra 

ZrCl4 



TiCli 

B0CI3 

BoBra 

B0FI3 

BoEta 

BoMes 

BoCMeOa) 

Bo(Et03) 

VCI3 

SbCl3 

SbEta 
BiClj 

CrOaCla 

Allele 
AloBr 



Alzlg 
Fe^Cle 



6 



8*89 256*7 263*2 O8O4 



ZnEta 

Hg" 

HgCla 

HgBr^ 

Hglî 

HgMej 

HgEt2 

HgCl 

HgBr 

[C2H4]; 

[C2H4]"Cl2. 



The results which are given in the preceding table 
saggest the following remarks : — 

Firstly, if the law of Ampère is applicable to simple as 
well as to compound bodies, either in the state of gas or 
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vapour, it will be seen that the molecules of both c< 
pond to two volumes of vapour. 

Secondly, the exceptions to this law, which 
apparent in the case of several simple bodies, wil 
apply to volatile compounds of the same bodies. I 
phorus, arsenic, mercury, cadmium, and zinc, in 
combinations with hydrogen, chlorine, bromine, io' 
and organic radicals, give such vapour-densities tha 
atomic weights deducible from them, conformably t 
law of Ampere, are the same as the atomic we 
founded upon chemical considerations. 

Thirdly, the molecular weights which may be ded 
conformably to this law, from the densities of a j 
njimber of combinations, are identical with the mole 
weights deduced from chemical considerations, pro^ 
that numbers which agree with the law of Dulon§ 
Petit are taken for the atomic weights of a great nu 
of elements. 

Let us examine these points further. 

I. The molecular weights of all these bodies are 
parable with that of hydrogen, which is.^2 The mol 
of hydrogen is, therefore, formed of two atoms, a 
is the same with the molecules of chlorine, broi 
iodine, oxygen, sulphur, and nitrogen. Each of 
bodies in the free state consists of combinations oi 
atom with another atom of the same kind ; their ] 
cular formulsB are — ^ 

H2 d2 Br2 1-2 ^2 ^2 N2. 
This is a development of the hypothesis which An 
and Dumas applied to hydrogen and chlorine, 
which is based upon an ingenious interpretation oi 
reaction by which these two elements combine to 
hydrochloric acid. We have already described 
hypothesis (page 32), which was adopted and devel 
by Oerhardt, and as it is of great importance, 
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Honnuy to strengthen it by other considerations, 
drawn from the domain of pure chemistry. 

Some chemists refuse to admit that a body may combine 
with itself ; that pure hydrogen in tht* free state may be 
1 hydride of hydrogen. Nothing is, however, more in 
luunnony with certain reactions, of which this hypothesis 
■lone is able to give a satisfactory explanation. Lvt us 
finttake the case of hydrogen. In 1843 ^ discovered a 
combination of this body with copper — a combination 
which gives, with hydrochloric acid, a curious reaction ; 
niprous chloride being formed, whilst tliere is a tumultu- 
ous disengagement of hydrogen. But it is known tliat 
^hydrochloric acid is not decomposed by copper ; how, 
then, can it be by a combination of coppfr with 
hydrogen, unless the affinity of copjKn* for chlorine wvre 
iwt supplemented by the affinity of hydrogen for 
liydrogen ? Thus regarded, this reaction becomes a 
toble decomposition of remarkable simplicity : 

nCu* + HCl = CuCl + IIII 

XT A^A i- Cbl..riJo Ç. ny.in.lo 

Hydride of of . i',j^j- "1 

On the other hand, this reaction is inexplicable if free 

Hydrogen is considered as formed of a single atom. In 

&ot, if copper by itself is incapable of decomposing 

hydrochloric acid, this would be still more the case with 

hydride of copper ; for, in the former case, in onlcr to 

decompose the hydrochloric acid, there would be only one 

•ffinity to conquer — ^that of chlorine for hydrogen : 

whilst in the second case there are two ; for to this first 

tflGmity must be added that of copper for hydrogen, and 

however small this latter may be, it must be considered 

u a new obstacle. In a word, if copper does not 

decompose hydrochloric acid, Iiydridc of copper should 

have still less tendency to decompose it. 

^ Cu = 63 5. 
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Bat, it may be said, the hypothesis of the duality of 
the molecule of hydrogen is insufficient to explain the 
difference between the two reactions in question ; for if 
hydrogen, in order to be disengaged in the free state, 
requires to combine with itself, why is not this affinity 
of hydrogen for hydrogen exerted in the case of hydro- 
chloric acid ? It would only require that two molecules 
of hydrochloric acid should act upon the copper : — 

Cu2 + 2HCI -= CU2CI2 + HH. 

Such is the objection ; it is removed by taking into 
consideration the polarity of elements— a subject firat 
brought forward by Mr. Brodie,* and to which SI. 
Schonbein has devoted great attention of late years. 

The hydrogen in hydride of copper shows so great 
a tendency to unite with the hydrogen of the hydro- 
chloric acid, because it finds itself in these two combina- 
tions in a state of opposite polarity. The hydrogen of 
the hydrochloric acid is positive in respect to the 
hydrogen of the hydride of copper. 

CuH + HCl = HH + CuCI. 

Analogous considerations apply to the molecule of free 
oxygen. There are reactions which can only be explained 
by admitting the duality of this molecule, formed like 
that of hydrogen, of two atoms. And these reactions 
have for their object, i, the decomposition of the mole- 
cule of oxygen, and 2, the reconstruction of the molecule 
of oxygen. 

I. It is known that oxygen and nitrogen combine 
with difficulty under the influence of the electric spark ; 
but according to an old observation of Cavendish, con- 
firmed by Lavoisier and Berzelius, the combination of 
these two bodies is easily effected in the presence of 
hydrogen. Thus, a notable quantity of nitric acid is 

• Philosophical Traiuactiona, 1850, part il. p. 759. 
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' 'rmed nhEn a mixture of h^drogeo and nitrogen ii 
I'l-nt in oxjgen. Here, I think, h the iarerpretalion of 
■'US (act. 

The inolecnle 00 being atlncked by Ljdrogeu, one 
"torn of oiygcn, O, combines with llj, wbilat the otter 
"tola of niygen, nhieb may be cousiileted in the nasoeot 
state, combines with tlie nitrogen. 

^1. Scliônbeia* liaa recently discovered the important 
'u-ct tliat the oxidation of certain metals occitsioae the 
I'lt^Diatian of small quantities of oxygenated wat«T. Here 
^ivin we mast admit that there ia a decomponition of the 
'lolecuie of oxygen, and that one atom of oxygen in the 
'il scent state fixes itself upon the n'nter la form oxygen- 
ited water— 

00 + Cu*H,0 = CuO + HjOO. 

2. On the other hand, some rfmarkable rcductioaa 
are known to be effectfd by oxygen n ted watiT. Tliéijatd 
allowed that oxide of silver waa reduced by this singular 
H^-cnt. Mr. Brudie, uud long after him M. Scbiinbein, 
discovered a great flumbvr of analogous reactions in 
which bodies aaturattd with ox) gen are Been to reduce 
oiygcnalcd water, and to be thumaelvea reduced by it. 
Thus, when oxygenated water i^ added to a solution 
of permanganate of poiaab, a tamultuoua diaengage- 
jxygen in observed, with the precipitation of 
ma hydratfd manganic oxide ; the oxygenated water 

3 time decoDipuscd. 

teion, perhaps, ia that of uzone by usygenated 

. Thew facta may be ijilcrprtted by the following 
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MnK0oe2 + 2(II>0e)=MnH02 + KH0 + H20 + 2e«- 
Pramgauate Oxy^euatod liydratod Potash. Fx"©® 

ofpotaob. water. in.ingaiiic oxygr***- 

oxide. 

(iioOe) + o,e = ee + 02+H20. 

Oxygenated Ozune. Free 
water. • oxygcu. 

These latter reactions arc particularly significant, for 
it cannot be comprehended how a body saturated witlx 
oxygen can reduce another in the same condition, unless 
the oxygen of the one possessed a certain affinity for tbe 
oxygen of the other. 

M. Schonbein considers that oxygen is a combination 
of negative and positive oxygen ; so far his opinion is 
strengthened by the observations just mentioned, bat 
when he supposes that negative oxygen constitutes in 
the free state ozone, and that positive oxygen © in the 
free state constitutes the body which he names antozone, 
he advances a hypothesis ingenious but gratuitous, for 
he has given no explanation of it. He has rather put 
himself in opposition to known facts. Messrs. Andrews 
and Tate have indeed demonstrated that ozone is con- 
densed oxygen* and the most rational interpretation of 
their experiments is to admit with Dr. Odlingf that 
ozone consists of oxygenated water, HjOj, in which the 
hydrogen is replaced by an equivalent quantity of 
oxygen. The recent experiments of M. Soret % seem to 
confirm this manner of viewing it. 

But to return to molecular weight. Th% arguments 
which have just been discussed appear to me to 
strengthen this impoilant proposition, that two atoms of 
certain simple bodies can combine with each other to 
form one molecule. Here is another argument which 

* Annalfs de Chimie et de Physique^ 3rd series, vol. lu. p. J3J, and 
vol. Ixii. p. TOI. 

t " A Manual of Chemistry," by W. Odliug. 1861. p. 94. 

X "On the Volumetric Relations of Ozimii."—BMiothéqut Univtr 
ulU et Revue Suisse^ vol. xviii., September, 1863. 
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vtrangthens this hypothesis, drawn from another order 
of facts. It is known that tlie radicals of ort^anic chc- 
nûstry may he considered in certain respects as the 
analo^es of the elements in mineral chemistry. What, 
theo,^vill happen when, in iodide of ethyl, the iodine is 
Kparated from the radical ethyl Cjll^? Tiiis will com- 
ÏWie with itself to form what has been named free ethyl, 

C,TI. + C,TI,= C,ir,.,. 
Let us here recall that MM. Favru and Silbermann, in 
their classical researches on the heat evolved in chemical 
fiombmation, wc^re the fira.t to sugjjest that the molecule 
of free oxygen was formed of two atoms.* On the 
other hand, it is known that M. Clausius has been led 
hy mechanical considerations on the constitution of gases 
to admit " that the force which governs chemical com- 
hinations, and which probably consists of a kind of 
polarity of the atoms, exerts itself even between sinijile 
hodies, and that in these latter several atoms may com- 
hbe into ono molecule." 

The most simple case, and consequently the one most 
likely to be true, says he, will be that in which two 
.ttoms form one molecule. Thus, in the case of oxygen 
or nitrogen, it may be imagined that the chtmical force 
which resides in one atom is exerted on a second atom 
m a molecule of these gases. f 

* Comptes Rendi'gy xxiii. 200, 1846, MM. Favro ami Sill>crmann 

htTO proved thiit carbon wbeu burnt in protoxi'lo of iiitro^un uvnlyes 

more heat than whon burnt in oxygen. Accordin^r tn thoni the nu»8t 

natural interi»retation of this tUct umusi.sts in julniitting that, in each 

«xperizuent, a chcmicjil eoinbinatiim is (IcstMiyml whilst another is 

fiairmed ; and that the tlicmuc ert'ect produced is the ilitlcrence between 

tbe amount of hiîut disonpaged by the r.nion uf carbon with oxygjn 

and the aninmit of heat absorbed by the decomposition of oxide of 

oxygen in the first instance, and of oxide of n.trotjfen in tlie second. 

And if the thermic elfect is less for oxy^^-n Ih m with ])rotoxide of 

nilangeu, that is due to the circuu-tstanco that oxide of oxygen (the 

molactile of oxygen 00) absorbs more heat in decomposing than does 

the molccnlo of protoxide of nitrogen. 

t Poggenilorjf's Anna led, c. 369; and Annales de Ckanit et de Phy- 
sique, 3rd scries, I. 505. 
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II. Phosphorus, arsenic, mercury, and cadmium are 
exceptions to the preceding rule. The weight of two 
volumes of vapour of phosphorus or arsenic (the double 
density as compared with hydrogen) represents, not two 
atoms, but four atoms of phosphorus or arsenic. The 
weight of two volumes of mercury or cadmium vapour 
represents not two atoms, but one atom of mercury or 
cadmium. 

It may be asked if these exceptions are due to some 
anomaly, or to some error in the determination of the 
atomic weights ? In our opinion the former is the true 
interpretation. The well-recognised analogy between 
nitrogen, phosphorus, and arsenic leaves no doubt as to 
the true atomic weight of these elements. Two volumes 
of ammoniacal gas combine with two volumes of hydriodic 
acid to form hydriodate of ammonia. Two volumes of 
phosphuretted hydrogen combine with two volumes of 
hydriodic acid to form hydriodate of phosphuretted 
hydrogen. Two volumes of ammoniacal gas are, there- 
fore, equivalent to two volumes of phosphuretted hydro- 
gen ; and if two volumes of ammoniacal gas represent 
one molecule containing one atom of nitrogen, two 
volumes of phosphuretted hydrogen represent one mole- 
cule containing one atom of phosphorus. If ammonia 
is NHg, phosphuretted hydrogen and arseniuretted 
hydrogen are PHg and AsHg, and not P^Ha and AsjHj. 
These latter formulae correspond with the abnormal 
vapour density of phosphorus and arsenic. Everything 
now proves that these must be rejected and the former 
adopted. It follows, therefore, that in their combinations 
with hydrogen (and, we may add, with chlorine, bromine, 
iodine, and organic radicals), phosphorus and arsenic 
have the normal vapour density which would be in 
harmony with Ampère^s law. This is evident from the 
figures given in the table on pages 51, 52, 53, where the 
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''•^Dlecnlar weights of the Tolatilp combinations in ques- 
'■itl, deduced from the true atomic weights (31 and 75], 
Bite identical with their double densities compared with 
lljdrogen. 

Mercury, cadmium, and dauhtleea zinc exhibit a 
contrary anomaly in their vapour-denaitics : their male- 
ODles are the same as their atoms ; for the weight of 
two volumes of mereury vapour (= 100) which ought to 
be the molecular weight, is really the atomic weight, 
dedaced from the speciflc beat and ahemicol considera- 
tiona; and what proves that thia is the true atomio 
weight of mercury ia the fact that it agrees with the 
molecular weights of a largo number of voUtile mercurial 
compounds, as deduced from tlieir vapour- densities. (See 
the table at page jj.) 

The same anomaly, if anomaly there be, is seen also in 
lome organic radicals, comparable with mercury and 
nâmiam. This deserves a word of explanation. 

"When iodine Beparates from ethyl in iodide of ethyl, 
sn ethyiic group takes the place of the iodine in the 
iodide, and combines with the other ethjlic group, 
10 aa to constitute free ethyl, which occupies exactly the 
nme volume aa iodide of ethyl in a state of vapour. 
1 I I C;H, I I C.J.I, I C^Ha l 

t vols, of io-Jlda uf athji. I vgls of othyl. 

But when bromine separates from the ethylene in the 
bromide of ethylene, the radical clhylene set at liberty, 
instead of combining with another radical ethylene, 
dilates and occupies the space before taken ap by the 
bromide of ethylene, • 

I'Br, |C,H7| I C . I îï—\ 

1 vols, of bromidfl of sthylono. i nU. of otliylono. 
Id the same way, when bromine separates from the 
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mercury in mercuric bromide, the mercury set at liber t; 
instead of uniting with itself like ethyl, expands lil 
ethylene, so as to occupy the whole space prcvioizs^ 
filled by the bromide of mercury.» 

The compound radicals, ethylene, propylene, &c., t 
which we can add carbonic oxide,t are, then, in thi 
respect comparable to the diatomic metals, mercury, cad 
mium, and zinc. Between the molecular formula oi 
ethylene and that of ethyl there exists the same difi!'' 
rence as between the molecular formula of mercury and 
that of hydrogen or oxygen. The smallest quantity of 
these radicals which exists in a compound, and which 
corresponds to one atom, is the same as the smallest 
quantity which exists in a free state and represents a 
molecule. The foregoing is not an explanation ; it is 
only a comparison ; but in estimating the anomaly 
which the vapour-densities of certain metals present, we 
must take into account such anomalies as we havequoted.^ 

It only remains to add a few words in order to de- 
monstrate that the atomic weights which it is thought 
proper to adopt for certain simple bodies are confirmed 
by the vapour-densities of their volatile compounds. 
Thus it will be seen on referring to the table given at 
page 51:— 

I. That the vapour-densities of the volatile compounds 
of carbon, silicium, and boron, leave no doubt as to the 

• HgCl2 = I molecule = a?! Igee tableatnaire cj 
Hg = I molecule = 200 f °®® taDieat page 53 » 

t I CI2 I CO I I C I O I 

2 vols, of chloride of carbonyle. 2 vols, carbonic oxide. 
Î Our present notions of the atomicity of carbon, which we shall 
develope presently, allow us to conceive the existence of an unsatu- 
rated molecule G^R^ = 2 vols, in which one atom of carbon is dia- 
tomic and the other tetratomick When the vapour of mercury exx>ands 
in giving up the bromine of the bromide (in which mercury plays the 
part of a diatomic element) it would seem that the metal becomes 
monatomic, and that its vapour is then formed of two atoms [Hg'Hg'J 
T- 200. 
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itonic weights wliich must be attributed to these 
bodiefl. 

If two volumes of hydrogen wei>;h 2, two volumes of 
chloride of silicium contain 28 of siiicium; two volumes 
of chloride of carbon contain 12 of carbon ; two volumes 
of chloride of boron contain 1 1 of boron. 

So vanish the doubts \i>hicli the luw of Dulon^ and 
Petit might leave relative to the atomic weights of car- 
bon, boron, and silicium. 

• a. That the vapour-densities of the volatile compounds 
of ilaminium, iron, chromium, zirconium, tin, titanium, 
hiimiith, zinc, lead, and mercury demonstrate that the 
itomic weights of these metals are double the equiva- 
IfiQtB now received, and arc the su me as the atomic 

' weights of Berzelius, and those deduced from the law of 
Bnlong and Petit. 
If two volumes of hydrogen weigh 2 : — 
Two volumes of stannic chloride contain i ig of tin ; 

! Two volumes of chloride of ûtanium contain 50 of 
tittnium ; 
Two volumes of chloil»^ ^ r/i zirconium contain 89*6 of 

: Brconiam ; 

I Two volumes of z'no ethyl contain 65'2 of zinc ; 

Two volumes of mercuric chloride contain 200 of 

! mercury; 

Two volumes of ferric chloride contain 2x56 of iron 

j *=i atoms Î 

: Two volumes of chloride of aluminium contain 2x27 

I of aluminium = 2 atoms. 

■ In fact, with the exceptions of ferric chloride and chlo- 

1 ™ of aluminium, to which we shall return, we have 

; ÏIO reason to suppose that two volumes of the volatile 
*^pounds mentioned contain more than one atom of 
^tal. The numbers given thus express the atomic 
heights, and it is seen at once that they are double the 
^^valents at present admitted. 
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i>iMcaMioii of Ampère*» i:<aw. — All the arguments 
used to derermine the molecular weights of volatile com- 
pounds have for their hasis the law of AmpèrOi that 
equal volumes of gases or vapours contain the saiM 
number of molecules. It is admitted that the molecule 
of simple and compound hodies corresponds to % volumeSi 
and that consequently the molecular weight is expressed 
by their double density in respect to hydrogen. 

There are exceptions to this law. The molecules 
of perchloride of phosphorus, of hydriodate of phos- 
phuretted hydrogen, of hydrochlorate and hydro- 
cyanate of ammonia, of monohydrated sulphuric acid» 
and certain other combinations, correspond to 4 volumes 
of vapour ; their molecular weights are expressed 
by four times their vapour densities as compared with 
hydrogen. 

MM. Hermann Kopp,* Canniazaro,t andKekulé,J have 
proposed the following interpretation in order to brisg 
these exceptions into the general rule. At the tempe* 
rature at which the vapouî* densities of the precedinjp 
compounds are taken, they decompose, and instead of 
being a homogeneous vapour, they consist, in fact, of a 
mixture of vapours. Thus, perchloride of phosphorus, 
PCls, splits up into protochloride PCI3 = 2 volumes, and 
into CI2 = 2 volumes. Sal ammoniac, NH4CI, splits up 
into HCl = 2 volumes and NH3 = 2 volumes ; sulphuric 
acid, SHaOijinto S03= 2 volumes and H2O = 2 volumes, 
and the same with other compounds. But this decom- 
position is not definite ; when the temperature lowers 
the original combination becomes re-formed in such a 
manner that after the condensation of the vapour there 



* Annalen der Chemie und Pharmacie, cv. 390. 

t Nota sulU Comlensazioni di Vapore. An appendix to the aboV 
quoted work of M. Cannizzaro, Santo di un Corso di Filosofia ChiiMCO 
PiHa. 1858. 

X Annalen, der CJiemie und Pharmacie, cvi. 143. 
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M loDger remains , a trace of the dissociation * which it 
kn undergone. 

The idea is insi^enioas, bat the demonstration is diffi- 
ndt In fact, how can it be proved that the vapour of 
perchloride of phosphorus, for example, consists at 300^ 
if a mixture of chlorine and protochloridc ? Shall the 
iUorine be absorbed by some body with which it can 
ombine ? Then another affinity comes into play, and 
towever feeble this be, it may be thought that it plays 
11 active part in the decomposition of perchloride of 
ihospborus. For this reason, M. Bunsen remarked 
lutt the question as to whether two gases existed in the 
tate of combination or of mixture could only be settled 
7 submitting these gases to physical tests. They might 
\m be allowed to diffuse into another gas — hydrogen, 
w instance ; if they were combined, they would pass 
iiroQgh in the proportions in which they existed in the 
Dmbination; if they were mixed, they would pass, as if 
uh were by itself, in the inverse ratio of the square 
Mts of their densities. 

These experiments have been tried. M. Pebal f was 

le first to show that when the vapour of sal ammoniac 

difiiised into hydrogen, the ammonia, being less dense 

un the hydrochloric acid, passes through in greater 

aantity. 

More recently, Messrs. Wanklyn and Kobinson| have 

* Tbo word dissociation is duo to M. H. Dovillc {Comptes Rendris, 
^' 857, 1857), ^^ its original sense it was almo.st synonymous with 
^composition. More recently M. Dovillc has etn))l()yed it to indicate 
Impartial and gradual decomposition which bodies undergo when 
QKMed to a temperature below that at which they dccx impose in 
^ and which is their true tompoi'ature of decomposition. I havo 
^poiei (Répertoire de Chimie Pure, ii. 37, 186©) to employ this appro- 
'^8 term dissociation to characterise the temporary disjunction 
^lAi certain bodies undergo at elevated temperatures into elements 
"^ are readyto recombine when the temperature becomes lowered. 

* ^naalen der CJumie und Pharmacie, cxxiii. 199, and Annales de 
"*fert (te Physique, 3rd series, Ixvii. 93. 

i ^pte» RendviSt Ivi. 547. 

F 
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found that when the vapour of hydrated sulphuric 
is allowed to diffuse into air through a very fine p 
water escapes abundantly, whilst anhydrous sulpl 
acid accumulates in the flask. Having in* a second e 
of experiments substituted perchloride of phospl 
for sulphuric acid, they found that the flask after 
time contained a small quantity of protochloride of \ 
phorus, the vapour of which, being denser than th 
chlorine, diffused less easily. The accuracy of the 1: 
thesis of MM. Hermann Kopp and Cannizzaro 
appeared to be demonstrated, but some new and 
portant experiments of M. H. Deville * have reop 
the question. 

This physicist found that the vapour of water ^ 
decompose in small quantity at a temperature 1 
than that developed by the combination of hjjdr 
with oxygen, and therefore much lower than th 
which water would decompose in quantity. He assu 
therefore, that bodies possess at temperatures below 
decomposing point a certain tendency to decompos 
tension of decomposition, as he expresses it. It is 
nascent decomposition which he now calls dissocia 
This is an apt interpretation of the experimeni 
MM. Pebal, Wanklyn, and Robinson. By virti 
their tension of decomposition, sal ammoniac, sulpl 
acid, and protochloride of phosphorus underg< 
incipient decomposition at the temperatures at \\ 
they vaporise, and it is these minute portions sc 
sociated which give rise to the phenomena of diffi 
just mentioned. 

This was an interpretation, but the following 
experiment which carries great weightf : — 

Having led ammonia and hydrochloric acid ii 
flask heated by the vapour of mercury and furni 

* Comptes Rendus, Ivi. 195. 
t Comptes Rendus^ Ivi. 193. 
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ih an air thermometer, the temperature of the re- 
ptade was seen to rise lo 394.*5^ by the action of the 
mbination of the two gases. M. Devillo conchided 
m this that hydrochlorato of ammonia could exist in 
5 state of vapour at the temperature of 350", and even 
390^, and that this vapour docs not consist of a 
xture, but actually of a combination of the two gases 
ammonia and hydrochloric acid. 
Against this conclusion MM. Wanklyn and Uobinson 
ve raised the following objections : — As M. Deville 
■Bed the gas rapidly into the flask where they were to 
nbine, notliing proves that at the moment of combi- 
tion they had acquired the temperature of 350°. 
erefore, being cooler than the recej)tacle, they wire 
le to combine at a temperature below that which is 
ided for the dissociation of sal ammoniac ; and this 
obination would, therefore, have produced an eleva- 
n of temperature. Quite true, replies M. Deville to 
B; but it must he remembered that the temperature 
e to 394°. The gases combine, therefore, at 350° with 
relopment of heat. It follows, therefore, that sal 
moniac is not dissociated at 350^^, but that it really 
8t8 in the state of combination, and not in the state 

mixture. 

There can be no mistaking the force of these argu- 
ais. * However, the ingenious theory of M. H. 
rille — or rather, the conclusions which he draws from 
■still leaves room for an objection which I shall hero 
niss. 

^ccoqiing to Deville, sal ammoniac exists in the state 
îombination at 350", because its elements, if brought 

Another ar^uraont of M. H. Peviilo is this :— Ilytlrocyunate of 
wnia is u very 8t!il)lu body ; it fonn» !it icoo*. It can, tliurofore, 
t at this tcmpunit lire, which is above that in whicli ammonia is 
mpoecd Into hydrogen an.l nitrogen. If, then, it« vapour dcn>ity 
itwiuined at loo'', it is found to correspond to four volumes. Can 
iy then be decomposed at 100°, when it is capable of forming at 
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together at that temperature disengage heat. Th 
argument may he put as follows : — 

Is the disengagement of heat which is observed upo: 
the mixture of two bodies always the efifect and th 
proof of a change in the chemical constitution of thei 
molecules, or of an addition or an exchange of atoms 
These are important questions, the solution of whic 
appears to have been given by the beautiful researchc 
of M. Favre on the thermic effects of mixtures. 
Having added water to very weak sulphuric acid, Ai 
Favre still observed a disengagement of heat. The 
the addition of four equivalents of water to sulphuri 
acid already diluted with fifty-six equivalents of wate; 
still occasioned a slight increase in temperature. AVb 
will be bold enough to affirm that the thermic effect i 
here due to a chemical combination giving birth to 
new molecule ? Can the molecule SO,6o HO exist? J 
it can exist, can it assume the gaseous form ? I believ 
not, and M. Favre considers justly that it is not affioit 
properly so called which comes into play in actions c 
the kind which he has observed. He has pointed oo 
others which are similar. The addition of sma 
quantities of water to concentrated solutions of certai 
salts, possessing their water of crystallisation, can giv 
rise to a disengagement of heat ; but if large quantitie 
of water are added, a contrary effect takes place. Th 
phenomenon of the diffusion of the salt in water occa 
sions a diminution of heat. 

But in the 'first place, the disengagement of heat i 
due, according to M. Favre, to a molecular at^ractioi 
different from affinity. And why may not actions of thi 
301 1 be observed in mixtures of gases ? Why should no 
the molecules of hydrochloric acid and of ammonii 
although they cannot combine at 350° — that is to say 
unite and condense themselves into a true gaseous molfl 
* Mémoires de la Société cC emulation de la Provence^ l 117. 
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enle — whj shoald they not exercise a mutual action at 
this temperature ? And why should nut ^ucll an action 
gÎTeriBe to a disengaj^ement of heat, althuu^li it acts at 
ft distance, not between the atoms ia a single molecule, 
bat between two different molecules ? I am aware that 
we are dealing here with gases, and not with liquids. 
Bat it would seem that the molecular constitution of gases 
does not exclude the idea of u reciprocal attraction, able 
to exert itself at a distance, between the atoms of two 
difibrent molecules. 

It may be imagined, on the otlier hand, that by the 
&ct of their mixture, and by the effect of this attraction, 
which is perhaps only a degree of atiinity, the molecules 
of the two gases might acquire a stability which they 
would not possess when isolated. Here would be an cx- 
pknation of that interesting fact obs«rved by M. H. 
Beville, that the hydrocyanate of ammonia, or the 
nixtore of hydrocyanic and ammoniacal gases, remains 
i&taot at temperatures in which these bodies are them- 
aeWes decomposed. 

It is far from my wish to pretend to have answered 
^ questions I have just put. But is it not allowable to 
believe that the known facts authorise an interpretation 
^rent from that at which MM. Deville and Troost 
ht?e arrived ? 

Bat let us admit for a moment that these questions 
■Kiy be answered in such a way as to oppose the gene- 
fftlity of Ampere's law ; let us admit that the molecular 
«^nnulsB of certain bodies, formed, Hke sal ammoniac, by 
tiie anion of two molecules, each of which forms 2 
Barnes of vapour, correspond to 4. volumes of vapour ; 
w rather (for we can make this concession) let us 
Bdmit that the molecules of such bodies would 
^t take a gaseous form without their vapour ex- 
Folding, thus forming two molecules which occupy 4 
volumes, but which nevertheless remain united by a 
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mutual attraction ; these facts would not in any manner 
weaken the arguments which vapour densities have 
afforded us, in favour of the new system of atomic weights. 
In fact, if it be possible that the molecules of certain 
complex bodies cannot tnke the gaseous form without 
forming 4 volumes of vapour, tlie known facts do not 
authorise us to admit that molecules of compound bodies 
can exist, which, in the gaseous state, would form less than 
2 volumes of vapour ;* and it would always be true to say 
that the atomic weights of the immense majority of volatile 
compound bodies are expressed by their double densities 
as compared to hydrogen, as we have before shown. 

We must now sum up this long explanation. We have 
first investigated the origin of the doctrine of equiva- 
lents and of the atomic theory ; we have foHowed its 
progress; we have shown that the notions of equivalent, 
atom, molecule, at first confounded with each other, have 
at length acquired distinct meanings ; lastly we have 
demonstrated that of all the systems of atomic weights» 
that which we are seeking to establish agrees better with 
the data that are furnished by specific heat and isomor- 
phism, and with the laws which govern the combinations 
of gaseous bodies. 

But our task is not finished. Whatever may be the 
importance of these physical data in the subject under 
discussion, such an assistance would be unavailing if it 
were not strengthened by arguments drawn from the 
domain of pure chemistry. In a word, the new system 
of atomic weights must rely upon chemical proof. It is 
particularly necessary to know whether the double atomic 
weights, which we have adopted for most of the metals, 

* Arsenious acid is alone an exception to this. Its vapour is twice 
too much condensed, like that of arsenic itself. The two anomaliei 
are evidently connected together. Neither heat nor oxygen succeed 
in dividiîig the group of 4 atoms, As* (page 5»), which forma % 
volumes of free arsenic, and which enters into 2 volumes of arsenioiis 
acid, As^Oe. 
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^^Kmoniae ^th Ibeir chemic&l properties, snd with the 


^KttitutioD of their combinations. We think that it is 


^^Hbnd ne shall give, in the course of these pages 




^^Hpar the present, we Ehall eoniiiie oursclvea lo remnrk- 




^^By Ibi^ number of badies, fornmlte tijentical with 


^^Biie which Berzelius' used for twenty jears. i 


^BiVa irill give «ome examples of them :— 






^Bde of CEddum . CaO = ËB» J 


^^Edde of calcium 


CdCL - enCl, 


^^Bnide of calcium 


CttBr, = t^nBr, 


^^^Ke of calcium 


CbI, = yal. 


^^^■oide of Oïleium 


CuFl, = CaFl, 


^^■kte of lime 


N50j,CttO = NjGne, 


^^■oehlorite of lime 


CljO.CaO - C],l^ae>, 


^Hmte of lime . 


Cl,0„CaO = Cl,Go©, 


^^Kta&teoflime. 


SO„CaO = iMift*^, 


^^^te of Ume . 


SOi.CaO = Ke«9. 


^^■oute of lime 


CO,.CaO = PGie, 


^^Kteoflime . 


C.H„0„CaO = ti.H.Caa, 


^^K^ of lime 


Ci„H„0,.CbO - ei„U,a(4aei4 




C,,Hi„0„CttO = e„H,„4ÎBO. 


^^^^ of lime 


CsH.„O,,Ca0 = e„Hi„eaft, 


^^Kitte of lime 


c,o,.c»o = -e.tiHO. 1 


^^^aie of limet 


C.H,Oi,CuO = G,H,GBe( ] 


^^Ht is evideot tliat we shall observe the same coinci- 




^^■neqiond to tbe precediug, and which coDleiD, instead 


^^Rmleium, other diatomic metals. Concerning other 


^^Kqiounds we will also quote the following formulis-.— 






^Hbter H.,0 - H„a 


^KKxide of hydrogen . . H,0, = H#, 


Hppkwetled hydrogen . . H,S = H,« 


^^^WftOmniUKa " Suvto di un torn diJUmnjla Mmiea," pngafl. 




^^^PObIi «sidcntal, and niiaM tram tha clivTiiasUiuuo Uiot Bb> 
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USE OF BARRED LETTERS. 





Formul» 


New 




of Berzelius. 


Fortnulse. 


Bisulphide of hydrogen . 


. H2S2 


s= £[2^2 


Sulphurous acid 


. SO2 


= -&02 


Anhydrous sulphuric acid 


. SOo 

ft» 


** © VJj 


Hydrated sulphuric acid 


. S0„H20 


- SHTî^i 


Anhydrous nitric acid . 


. N2O, 


«N,^^ 


Nitrous acid . 


. N2O3 


= N20, 


Protoxide of nitrogen . 


. N2O 


= N20 


Peroxide of barium 


. Ba02 


= Ba02 


1, of manganese . 


. MnOg 


= Mn^a 


„ of lead . 


. PbO^ 


= Pba2 


„ of platinum . 


. PtOa 


= PtOj 


„ of tin . 


. SnOo 


= Sn02 


Ked oxide of manganese 


. Mn,04 


-= Mn^4 


Minium 


. Pb,04 


« Pb,04 


Sesquloxide of iron 


. FeaO, 


= ^e^Qs 


Alumina 


. AI2O, 


= AI2O, 


Platinous chloride . 


. PtCl, 


= PtClj 


Flatinic chloride 


. PtCU 


« PtCl4 


Stannous chloride . 


. SnCl2 


«=*nCl2 


Stannic chloride 


. SnCl4 


= &11CI4 


Ferric cliloride 


. FegClg 


= FejCle 


Aluminic chloride . 


• >Al2dg 


« AI2CI. 


Sulphate of alumina 


. 3S03,Al20, 


= ^,Al20„ 


Ferric sulphate 


. 3S03.Fe203 


= ^&,Fe20i, 



It has been seen that we have barred the letters c 
symbols which represent elements whose atotns ar 
doable their equivalents. Berzelius formerly barred tb 
letters which represented the equivalents of certai 
bodies, formed, according to him, of z atoms (doubl 
atoms). Our barred letters differ, then, from those o 
Berzelius, inasmuch as they represent atoms which wi 
suppose indivbible. In other respects the bar is a purely 
conventional sign, but a convenient one, since it enables a 
to distinguish at the first glance the new notation froi 
the equivalent notation. In adopting it, in this momen 
of transition, and, it must be said, of confusion, tha 
embarrassment is avoided, which might arise in the mini 
of the reader by the use of formulae to which he is nc 
accustomed. 



PART IL 

THEORY OF TYPES AND ATOMICITY 

Section I. 
Theory of Types, 

TffKidea of types arises from the fact of substitutions. 
After having discovered trichloracetic acid (1840) M. 
Damas first expressed the opinion that when chlorine is 
nbstituted atom for atom for hydrogen in an organic 
*w»pound, the new chlorinated body and the hydrogen- 
•ted body from whence it is derived belong to the same 
^ype. He has applied the same view to those bodies in 
which bromine, oxygen, &c., have replaced hydrogen. 

The primitive hydrogenated substance, and also the 
wdies formed by substitution, belong to the same che- 
^^^^type, when the fundamental properties are pre- 
•T^ed after the change undergone in the composition. 
It ifl the same with acetic acid and with trichloracetic 
■ftd, which are both powerful monobasic acids, and which 
iplit up in a similar manner under the influence of 
*U(alies, one giving off marsh gas, and the other chloro- 
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The primitive substance, and the bodies derived frotO- 
it by substitution, belong to the same mechanical typ^i 
when the fundamental properties are modified by the 
eflfect of the substitution, tlie number of elementary atomfi 
having nevertheless remain <*d the same. 

Such are the fundamental principles of the theory ol 
types of M. Dumas. We must add that the idea ol 
mechanical types belongs to M. Regnault. 

In its first form this theory united in the same group 
a given organic compound and the bodies derived from 
it by direct substitution of one element by Another. 
L iter M. Dumas added to the groups thus formed the 
nitrogenated compounds resulting from the substitution 
of nitrous vapour (NO4 = NO^) fi>i* hydrogen. Andthif 
is a most important development ; for it has led the waj 
to the existing ideas concerning the substitution of com' 
pound radicals, mineral or organic, for elements. 

But another and perhaps more striking point sprang 
from the new doctrine. It is the way in whict 
M. Dumas viewed chemical combinations. Dualisn 
represented them as formed from two elements, them 
selves simple or compound. M. Dumas conceived then 
as forming a whole, the different parts of which are con 
nccted together. Comparing them to a planetary system 
he admitted that the atoms are maintained there h} 
affinity. Let one atom be removed, if it is replaced by 1 
different atom to the first, the system remains intact 
This replacement can even be effected by a compounc 
atom without the general constitution being modified. 

Who does not see that these ideas are the basis of on: 
present theories, and particularly that they form th( 
starting-point of what Gerhard t afterwards called th< 
unitary system f 

But to return to the chemical types. It is the pecnli 
arity of true ideas to prove themselves fruitful. Thi 
latter bore in it the germs of an immense development 
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In its earl J form it was not capable of any great p^ene- 
nlintion. It adniiired aft many types as primitif i' com- 
binttioDB, and bet'veen these types it entablÎMlit-d no 
eommon connexion. 

Bat it has now taken a new form ; it has referred all 
organic and inorganic compounds to a small iiumbiT of 
types, chosen so as to reprisent different. f«>rins of com- 
bination; a profound idea whi>'Ii is in harmony with one 
rfthe fundamental properties of m itti*r : the combinin^ç 
eipacity of the elements, or atomicity. Such is the work 
rfthe followers of M. Dumas. We will jy^ive that ponioii 
crtablished by each of ihem. 

Laurent, first, compared certain oxides to water. 
Hydrate of potansa, said he, is water in which an atom 
rfhydrojfen is rfplaccd by potassium. The same view 
luwbeen applied to the anhydrous oxides. The followin;^ 
«nnulffi express these ideiis : — 

HoO K,0 (KIl)O (XaTI)O A-/). 

There the new types be«jin. 

In 1849 I discovered the compound a»nm<mius. In the 
fat communication nrule on this subject,* I remarked 
^hat these bodies may he looke'l upon as simple ethers in 
which the equivalent of oxygen would be replaced by an 
•univalent of amidoi^en, or an am/nomas in irhivh an cfjui- 
^Mt of fn/drof/en is reptaced h y mrt/n/liuui C.Jl.^^ *n' by 

I expressed the relations existinji^ between these bodies 
Ud ammonia by the following formula): — 

NII3 Nllo.ir 

Aininoniii. Hvdramiilc. 

Nii-c, ^1I,,(^,H.,. 

Mothj'I-.-iininini.i. MoMivl-jiiiii 10. 

Ktbyl-uiiiiuuuiii. Kdiyl-amMu. 

Thi» last view represents the idea of types. Some 

* Compte^ Hcnduiy xxviii., p. 224, Fubniury, 1849. 
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months later Dr. Hofmann gave it the preference in the 
interpretation of his fine discovery of diethjlamine and 
triethylamine.* These bodies, said he, are ammonias in 
which two or three equivalents of hydrogen have been 
replaced by two or three ethylic groups — 

H ' ^jHa 

Diethylamine. Triethylamine. 

Besides, the idea of regarding ammonia as the combi- 
nation type of the ammoniacal compounds was introduced 
of itself by a comparison of their properties. Whatever 
it might be, the ammoniacal type was established ; bat 
it was then only an isolated idea, it was not yet a doctrine. 
This latter began with the experiment» of Dr. Wilb'am- 
son on etherification, and his brilliantdiscovery of mixed 

ethers, t 

This eminent chemist has given a satisfactory demon- 
stration of this point ; if the molecule of alcohol cpn tains 
one ethylic group, that of ether contains two ; if we re- 
present the first by the formula — 

O2H5.H.0', 
the second contains 

(G,H,),a. 

. He has compared both compounds not only with water 
but with the hydrates and oxides of inorganic chemistry. 
Water has become the type of all these bodies differing 
from each other so much by their proper ties| but ana^ 
logons in their molecular structure. He has made these 
analogies apparent by the following notation : — 



Type. Hydratbs. Oxides, 

gW SU 5U 



Hydrate of potassium. Oxide of potassium. 



* Comptes Kendits, xxx., p. 147. 

f AmoDff the first promoters of t^^^e Idea ot ty^Qi^\x(vv)^i2AK>tsMn:' 
Uon Mr, Bterry Hunt. 
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Ttpb. 


Hydrates. 


Oxim». 


il« 


Nal £. 
H /** 
Hydrate of HiKiium. 


()xtdo 1 if Mil ver. 




H r** 

Hydrate of methyl. 


Ox'ulo oi methyl. 




Hydrata of ethyl 


Oxiilouf ethyl. 




Oxide 


^•i".-,lû 

! iij" inutliyl and ctbyl. 



This theory establishes between alcohol and ether, rela- 
tions of the same nature as those which exist between 
the acids and their compound ethers. These latter 
werecompared to salts. Thus, acids, salts, and compound 
ethers were looked upon as combinations of the same 
<^r, and placed under the type of water. 



Ttpb. 


Acids. 


Salts. 


CoMPou.vD Ethers. 




Nitric acid. 


Nitnito of 

IHjtiWh. 


Nitrite of 
eth}-]. 




Acetic acid. 


Acetate of soda. 


Acetate of ethyl. 



Gerhardt adopted this view and generalised it. The 
hydrogen and hydrochloric acid types were added to 
the types of water and ammonia, which were themselves 
enlarged. 

Under the hydrogen type Gerhardt placed the metals, 
"* organic radicals, the aldehydes, and the acetones. 



Ttpk. 

Hf 
Hydrogen. 



Simple Bodies. 

CI- 
CI. 

Chloriuc. 



on/ 



Brl 

Bromine 



Organic 
Kadicals. 

CyJ 
Cyanogen. 

-eiig 



AldkAii\df:.s and 
Dlrivatioxjs. 



^,113^ 



1^1 
III 



} 



Methyl. 



Hydride of acetyl 
(uldchyjle). * 

Methylide of acetyl 
(acetone). 



1 
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Type * Simple Bodies Organic Aldehydes and 

lYPE. SIMPLE UODIES. r^jcaLS. DERIVATIONS. 

Hj k; h I Hi 

Potassium. Hydride of methyl. Hydride of beniWj 

Agi -e^H^f OgHgl 

Silver Ethyl. Phenylide of benaoj 

Under the type of hydrochloric acid, which is onl 
in reality, a subdivision of the preceding, he united tl 
organic and inorganic chlorides, bromides, iodides, &c. 

H» I I 

Clf cu 

Hydrochloric Protocbloride 
acid. of iodine. 

CU 
Chloride of 
potassium. 

CI ) 

Chloride of 
Mercury, 

His beautiful discovery of anhydrous acids gave h 
an opportunity of enlarging the type of water. He h 
formerly maintained that anhydrous monobasic aci 
did not exist, and, singularly enough, he discover 
them himself. And yet his first assertion was i 
altogether unfounded,* he had said that the molecule 
acetic acid did not contain the elements necessary ] 
forming a molecule of water by simple dehydration, a 
in that he was right ; but he had not foreseen that t 
molecules of acetic acid would unite to form a moieci 
of water and a molecule of anhydrous acid, and tl 
the latter would contain the remainder of two molecu! 
of hydrated acid : — 

* L H j ^ ~^2H,a ) ^ + H ) ^ 

... . , Anhydrous 
Acetic acid. . -j 

acetic acid. 

This point has been established by abundant pro 

Far from being an obstacle, it has become a couiirmati 



^H3| 

CI f 


^^HgO) 

Cl J 


Chloride of 


Chloride of 


methyl. 


acetyl. 


ClI 


ClI 


Chloride of 


Chlorine of 


ethyl. 


butyryl. 


cyi 


e,H,©, 


Cl J 


Cl' 


Chloride of 


Chloride of 


cyanogen. 


benzpyl. 



r 
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of the theory, and the very clear reactions of cliloride 
of acetyle have aifordi'd a Hutisfuctory proof of the fact 
that the liydroj^n of water can be rt'plnced by au 
or^nic group. 

H)^ ^ CU) ~ \l\ ^ CM 

Water. Chloride of acetyl. Ac.tic :iciil. IIy<h-"cliliiric 

Acetate of sudii. CliU>ri'leuI' Anliylri^iH Clilnriiloof 

iic'utyl. ucutic add. 8<»-.Iiiim. 

In the first reaction, the chlorine of tlic chloride of 
^tyle takes an atom of hydrogen from the water and 
■opplies the acctylo in its place. In the second, the 
■odium of t!ie acetate, wliich represents the second atom 
of hydrogen of the water is simiiarly replaced by the 
ooetyl. By the effect of this double substitution acetic 
*6id is first formed, then anhydrous acetic acid, and tlicse 
two bodies are thus united to water by a direct experi- 
aent. 

Here the idea of a water type appears no more as a 
mere speculation ; a cause for it is found in tlie most 
i^itaral interpretation of lacts, which ma}- almost be said 
to insist upon it. 

It is also obvious, by the preceding example, why 
Gerhardt has named his types, tt/pes of double decompo- 
sition. He admitted that, when molecules conflict 
together, an exchange always takes place between the 
atoms. This exchange is double decomposition — in fact, 
a Bort of reaction by far the most frequent, but not the 
ooly one, as Gerhardt would have inferred it was. 

Here is another example, selected from among a 
thousand, which may express this thought : — 

O3H3 . H) ^aHaO) 

CIO I + HjX - njN + HCl 

^ h) 

Ghloxide of acetyl. Ammoniu. 
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The analogous reactions to the last have made him 
refer to the type of ammonia, not only the compound 
ammonia and the organic alkalies, but also the amides. 
The amides, said he, only differ from the alkaloids by 
the oxygenated nature of their radical : ethyiamine and 
acetamide are combinations of the same order, and the 
remarkable differences of their properties are owing to 
the influence of the oxygen which has entered into the 
radical. 

hJn h Jn HJN 

h) H ) H I 

Type. Ethyiamine. Acetamide. 

This influence is so great that the introduction of oxy^ 
genated radicals into the molecule of ammonia can, in 
certain cases, give it the character of an acid. 

Thus the properties of compound bodies are in some 
sort a function of the nature and grouping of the ele- 
mentary atoms which they contain. If, on the one hand, 
bodies containing the same elements can differ in mole- 
cular arrangement, on the other hand, bodies offering 
the same atomic grouping may differ according to the 
nature of the elements. 

In both cases the differences of their properties must 
be stated, and we must not be surprised in consequence 
to meet in the same type with bodies very dissimilar 
in character and chemical qualities. Thus, starting from 
water, which is neutral, we can form energetic acids 
or powerful bases. It is only necessary in the one case 
to replace hydrogen by an oxygenated radical ; in the 
other by a strongly electro-positive element — as potas- 
sium. Such a thought has determined tbe arrangement 
of the following table,* in which Gerhardt has given an 
early view of his theory of types : — 

* This table, which first appeared in an English journal, was re- 
printed by Gerhardt in his memoir on the Knk^àxoxsA oic^|»siia acids.— 
jinnaUs de Chimie (t de PhyaiqvA, s^ SQrioa, xxxv^,^. \^^ 
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Condensed Types. — It will be seen that this 
embraced a very large number of compounds, h 
far from including them all. It was, in fact, imp 
to compare the molecule of the polybasic acic 
single molecule of water; and Dr. Williamson* i 
first to make known the convenience of adoptin| 
resulting from the condensation of several mole< 
water. Thus, he referred sulphuric acid to the 
type,— 



l! J ^» " ) H > 



writing the formula of this acid 

^g2 1 62 or ^2 ] ^2 



The two molecules of water are bound togethei 
bibasic radical sulphury le (SOg), which takes th 
of two atoms of hydrogen. This is an im 
development of the theory of types. It is the o 
the theory of condensed types and of polyatom 
cals. Such radicals have the power of replac 
hydrogen of several molecules of water, so as to e 
on each of them and bind the remainders 
together. This property has been illustrated ir 
evident manner by my experiments on the formt 
glycol. I showed that two molecules of acetate < 
are bound together by the diatomic radical c 
when iodide of ethylene reacts on acetate of sib 





■e,H,o ) 


Two molecules of Iodide of 


Diacetic 


«oetate of silver. ethylene. 


glycoL 



* QwkrUrly Journal of the Clitmical Society, vol. iv,, page 
Tol viL, pa^'e i8z. 
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In glycol the same radical unites the remains of two 
Bcdficoies of water (2H2O — H^) by replacing in each of 
tbem one atom of hydrogen. 



H, 



e H le 



2 , (^,H,) J 

H |e H 

Glycol. 

I had already applied this view to glycerine. Inter- 
preting in a manner then new the fine results obtained 
by M. Berthelot in the synthesis of the neutral fatty 
Wies, I had stated that glycerine could be looked upon 
M being derived from a water type thrice condensi'd. 
The remains of three molecules of water (3H2^— H3) 
*ro there united by the ti'iatomic radical glycervle 
(«•H,)'". 

H3 ) ^» H, ( ^' 

Glycerine. 

Glycerine was compared to ferric hydrate and 
•lominic hydrate, which were then regarded as triatomic. 
"f< Odiing had represented their composition by the 



H3 p3 and HgtPs 

ftod had thus admitted the triatomicity of iron and 
■Minium. 

^us the most diverse organic and inorganic com- 
Pwmds were referred to the doubly and trebly condensed 
^ter type, the polybasic acids by Dr, Williamson and 
•^ M. Gerhardt, the polyacid bases by Dr. Odiing, and 
M© polyatomic alcohols by myself. 

^e must add that M. Cannizzaro was the first to con- 
■Wer (in 1 8 58) certain metals as diatomic, and this has 
P^nnitted us to connect with the diatomic alcohols a 
P^t number of the hydrates of inorganic chemistry. 
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Ttpb. 



Hydrated 

Inorganic 

Basks. 



Alcohols. 



Inoroanic 
Acids. 



OROAKrc 
Acids. 



-«rie (G2H4)")e (69)" 1q (G,H,e)"ig 



Hydrate of 
lime. 



(Ba)" 



H 



) 



e.. 



Carbonic ncid 
Glycol. (hypothetical Qly colic acli 
hvdrato). 



(CaHe) 



Propylgîycol. Sulphurous acid. Oxalic add.' 
Amylglycol. Sulphuric acid. Succinic add. 



Hydrate of 
iryta. 



[ydr 
bai 



Hydrate of 
copper, 



H 



„3 \ a (s^) 



/// 



Hydrate of 
antimony. 



\q (GjHs)'"»^ P"'1q (G,H,e)"'U 



Glycerine. 



■pu/ 

H, 

Phosphorous 
acid. 



Qlycario 
acid. 



k/// 



e. 



Hydrate of 
bismuth. 



I 



k/// 



(e»H,) 
H3 

Amyl- 
glycerine 



I 



' H, 



/// 



) 



e. 



Phosphoric 
acid. 



Still more condensed types have been admitted; bu 
at present we will confine ourselves to indicating theprt 
cedents which explain the principal of them. 

As a polyatomic radical can unite several molecules < 
water, so also it can unite into one bundle several mol< 
cules of hydrogen or ammonia. The following exampl' 
show that a number of compounds can be referred to tl 
hydrogen and ammonia types, more or less condensed :* 



Type. 



Type. 



Type. 



g:l"lS 



S:)"{ 







Type. 

113 N, 

H3) 



(se,)" ) 
CI2 1 

Chloride of 
sulphury le. 



\/ff 



(pey 

Cla 
Chlonde of 
phosphoryle. 



I 





\ff 



{Gey 

Clj j 

Chloride of 

carbonyle. 

(phosgeo* gas). 



Bo'" 
Cla 



) (0,02)" ) (coy ) 

/ H2 Nj (CO)"}X 



Chloride of 
boron. 



H2 , 
Oxamide. 



Biuret. 



•«■ ■■' 
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wt Ttpk. Ttpr. Type. 

Ga' \ Br i {GJir ) (0,11,)" ) 

3 / CI3 i II, X, (C\II,)" N, 

•leium, biauiiith. Frhylcua- Dethyîon»- 

diainiuo. tri.iiaiue. 

(W'l {G.Kr'i (Coil,)", (OJIarj 

Clj f CI3 f II, X. II3 Xj 

Chloride of Tricblori ie of II, ) ' II3 I 

«thyleue. allylo. Plurnvlcno- „ 

.liumiue. Picrumiue. 

It is seen that all these combinat iunR, which are re- 
fened to condensed tyi)e8, contain either an element or a 
polyatomic radical. Several molecules are thus united 
m a more complex one, because, in each of them, an 
^na is removed, and the space thus formed is filled by 
tangle element or by a single indivisible group. It is 
Woessary to understand well this action of the radicals 
, or polyatomic elements, and it may be represented by the 
^wing notation :— 

CIH Cl}^'*" ci\^^'^*^" Clf(^)" 

Chloride of Cblori-ie of Chloride of 

ciUciuui. ctbyluuu. siilphurylu. 

HHHN .^^^„ I II HX f^ „ y, \ ÏIHX 

HHHX ^^^^ ( mix ^^"-^"-^^ I IIIIN 

Urea. Ethylene-diamine. 

mxed Types. — It may be similarly understood that 
^ element or a polyatomic radical may connect together 
•^eral molecules of different natures. Thus a diatomic 
anient or radical can unite a molecule of hydrochloric 
•^ to a molecule of water, replacing in each of them a 
■tolecule of hydrogen. By the same means a molecule 
^ Water can be joined to a molecule of ammonia. Three 
"tolecules, two of hydrochloric acid and one of water, or 
two of water and one of hydrochloric acid, can be con- 
nected by a triatomic radical or by two diatomic radicals. 
^ few examples will suffice to explain the meaning of 
***fi8e mixed types, which were introduced into the science 
^ Br. Odling :— 
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Type 



Type. 
H 



h) 

HCl 



e 



Hi 



e 



h) 



Type. 

HCl 

H 

H 







Type 

Ha 

HCl 

H 

H 



1» 



(^ 



H le 

Cl 



«H4)" } 



ri 







Hydrochloric 
glycol. 



H 



)?. 



H 

(GA)' 

Oxamic 
acid. 

(e2H,)'|e 
(«A)" ' 
H 5N 



H 

(^3H5) 

H 



/// 



Cl 

1« 



(G,HJ"' ) Cl, 

H /e 



Monochlor- 
hydrine. 

H )0 

(OgH^)'" Cl 

(G,H30)' } 



DicWnr- 
hydiine. 



(■e-.-HA" ] 
Kh.)"/ 



Cl 

e 



Chloroflulphuric 
acid of Dr. 
Williamson. 



Oxamethane. Monochloracetine. 



(^aH^)'" } 




CI 






Dichlor- 

hydrine 

diethylenic 

01 



H 
H 



ShJ'' CI (CHaer J e 



^^s'rnt?oT'' ^-^^-- 





Diethylenic mono- 
chlorhydrine. 



Dichlor- 
acetine. 



The preceding examples will give a condensed, buti 
think, sufficient idea of the theory which was first sa^ 
gested by Dr. Williamson, and of which M. Gerhardt hi 
been the chief promoter. But the work of M. Gerhardt hi 
been extended. Dr. Odling and M. Kekulé have adde 
some important developments, and I think I may I 
allowed to state that my experiments on glycol and tli 
interpretation I have given of the valuable researches < 
M. Berthelot on glycerine, have given a solid basis 1 
the theory of condensed types, making evident the actio 
of the polyatomic radicals in complex molecules. M 
experiments and researches had refeience to the wat( 
type. Dr. Hofmann, in his classical investigations < 
the poly amines, has extended them in the most skilfî 
and complete manner to the ammonia type. Thus, Û 
theory has grown with the riches of science itself. Ne 
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fteti, far from being a hindrance, have given it increased 

fsree. And if these discoveries have in a manner formed 

fhe completion of the theory, has not the latter in its 

tnn originated experiments, corrected views, established 

Rlttionships, supplied deficiencies? In or^nic che- 

nistry it has brought into the interpretation of reactions 

tdeamess and simplicity before unknown. Let us refer 

huk to the time when Gerhardt, in his earlier method, 

njeoted all the rational formulae which had nevertheless 

bees 80 happily introduced into the science by the classic 

libonrs of MM. Dumas and Doullay on ethers, and of 

HM.Liebig and Wohlcr on the benzoylc compounds. In 

ttaformity with the unitary idea, compound bodies were 

npresented by a single expression, their crude formulcc. 

Fonnalœ of this kind expressed only the atomic compo- 

fttion and the size of the molecule. They neither repre- 

nnted the mode of generation nor the ties of relationship. 

Tlieygave no account of the properties, and only an 

DUttflBcient one of the reactions. When I adopted for the 

principal derivatives of acetic acid the formulte, 

*.H^}e e.i,^|e «Aej, wj, 

Aoetic Acetiito of Acetic Auhydnnis acetic 

•dd. }tuta.SHium. ether. acid. 

«^2H3e\a -&2^l3«^l -&2H.O. ^oHaB) 
H/* ^RJ CI/ II >N 

^iiaoetie add. Acetone. Chloride of acetyle. Acctamide. 
I first observed that they all contained a common element : 
the acetyle radical ^o^a^* Tbis is the connexion which 
^tes all these bodies ; it discloses relationships between 
them as close as those which are shown in the copper 
^oinpoands by the existence of the copper radical. 

The formula 

II f^ 
w which one atom of the hydroj^en is not confounded 
^th the three others, reminds me next of this fact, that 
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of the four atoms of hydrogen in the acetic acid, om 
only is easily replaced by metals or organic groups ; th&' 
acetic acid is moDobasic, that it forms only one ether 
one chloride, and one amide ; only one ether beoausi 
only one atom of hydrogen is capable of being re- 
placed by an alcoholic group; only one chloride, becansi 
only one group H9 is capable of being replaced by chlo- 
rine, &c. 

If we take a bibasic acid — succinic acid, for example 
— the formula 

shows us that this acid contains two equivalents ai 
hydrogen capable of being replaced by a metal 01 
organic group ; that it is bibasic — that it can form twc 
ethers, two chlorides, and two amides: two etheri 
because each of the two equivalents of hydrogen cac 
be replaced by an alcoholic group ; two chlorides — 

■e-^H^Oa \ e and Qfifi^Cl^ 
Hj CI 

because each of the two groups H9 can be replaced by 
an atom of chlorine ; lastly, two amides, because each of 
these two groups can be replaced by a group NH2. 

If we next pass to a compound of a higher order- 
glycerine, for example, the formula 






shows us immediately the triatomic nature of this com- 
bination ; it reminds us that three atoms of its hydrogen 
may each be replaced by a radical of acid, that the three 
groups (or typical residues) HO which it contains may 
be replaced by chlorine, bromine, or by groups of NHj, 
and that three series of combinations may occur in con- 
sequence of these substitutions. 

What can be more convincing, or more simple, than 
the way in which the theory explains all these ex- 
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AangeiP What clearness it gives to the generating 
fl^nttions which we have already luontioned in the pre- 
ttding pages, and which we mi^ht multiply indefi- 
nitely! But for what purpose, since the question is 
•▼idcnt almost d priori/ Tlie theory of types takes its 
origin from a sounder interpretation of an immense 
muaber of reactions which it regards as double decom- 
positions. It is their symbolic representation. It is 
quite natural, then, that it should account in a satisfac- 
tory mauner for these same properties which M. Xokulé 
bas called typical,* and which have reference to the very 
exchanges under discussion. 

In place of all this, what do we see in the original 
fivnmlse? Nothing but the relative size of the molecules. 

What do the formuluD 

■e-JIjO. and 424H„02 

^ US concerning the relationship between acetic acid 
>Dd acetic ether, and how would the second allow us to 
uistÎDguish between acetic ether and the isomeric 
Oethylpropionic ether, projjylformic ether, and butyric 
•od? These formulae are absolutely useless for this 
object, and to avoid such confusion we must return to 
™o generating equations 

■e-,H«9 + (;i,TT^o, = (-,iT,o,. + n,e 

Alcohul. Acetic jici(L Acetic other. 

Gerhardt did so at the time that he defended the 
unitary system in the strict sense of the word. But it 
'Wan evasion, an inconvenient and even insufficient ex- 
pedient, for the formulae and the typical equations which 
Gerhardt afterwards employed are more explicit than 
Mte generating equations in question. 

The following are the formulae : — 

G.Ufi ) Q G,TI,a ) AJI,9 \ Q 

Acetic acid. Acetate of ethyt. Pro])îr)ii:itc 

of methvl. 

* Lehrbuch dej' Ot-yanisdioi Chemie, t. i., p. 124. 
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GH0 



O3. 



Formiate of propyL Butyric acid. 

Here is one of the typical equations, — 
G2II36 \ PI ^2^5 \ A ^ ^ I A a. ^2^3^ I ft 
Acetic acid. Alcohol. Acetic ether. 

Is it possible to express in a clearer and more simpl 
manner this fact, — that the reaction of acetic acid 
alcohol consists of an exchange of elements, and tha't^ 
the formation of acetic ether is necessarily connected- 
with that of water? Certainly the typical equatioi» 
gives account of the essential conditions, and, in a man-- 
ner, of the mechanism of the reaction. There is a 
singular difference of opinion among some chemists oa 
this subject. Among the detractors of the typical nota- 
tion, some affirm that it says too much, others regret 
that it does not say enough. Admitting, say the former, 
these exchanges of simple bodies for groups in the 
systems which it considers as typical, the theory implies 
hypotheses on the molecular grouping. It does not oon- 
fine itself to representing facts, it goes beyond them. 

It is true, say the others, that it perfectly interprets 
certain reactions, but it is powerless to express them all. 
For alter all, these molecular changes, these double de- 
compositions which it depicts so well, are not the only 
reactions; there are molecular additions and subtrac- 
tions; and when it becomes necessary to account 
for those more or less profound changes, which attack 
not only the external scaffolding, but the very substance 
of the molecule, the typical formulée afford very slight, 
if any, assistance. 

The following considerations will reduce these objec- 
tions to their proper value. 



SECTION II 
Appîination of the Thrtinj of Types, 

Thb molecules of compound bodies consist of an aggrc- 
^ioa of atoms, which occupy a definite position in 
■pace. It is impossible to rci)re8cut this arran«;i'mcnt 
^ a formula or a plane figure, and the typical formuloD 
ittlTe no such pretension.* But experience and reason 
teach OS that in a molecular system the atoms do not 
exercise the same attractions upon each other. Accord- 
ing to their nature, their number, and their ])(isition, 
some are united closer to each other tlian thev are to 
their neighbouring atoms. AVhen therefore, the equi- 
librium being disturbed, the molecule splits in certain 
directions, there may be found among the fragments 
groups where the stronger attractions arc predominant. 
We call them compound radicals, and we represent them 
as separate and distinct members in the typical formulsc. 
Are we to say, then, that this graphic disposition indi- 
cates the real position of the atoms, that these members 
thus separated represent actual groups, occupying the 
places assigned to them in the formula P By no means. 
They recall the fact that certain aggregations of atoms 
are capable of resisting shocks which break up the rest 
of the molecule ; or, if you like, they mark certain direc- 
tions in which the molecule can separate. In a word, 
this artificial arrangement of the formula only gives those 
instructions respecting the real constitution of the molecule 
which we could gather from the reactions themselves. 
When I compare the composition of ethylamine with 

* Kekulu, Lchrbuch, t. L, page 158, 
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that of ammonia, I observe that the former contaÎDS O^H^ 
more than the latter. That is the fact. When I say that 
ethylamine is ammonia in which i atom of hydrogen is 
replaced by the ethyl group, I, in truth, pass the limit 
which separates fact from hypothesis ; but my hypo- 
thesis is only the interpretation of experiment, and the 
typical formula 

H [n 
H ) 

shows the constitution of ethylamine only to the same 
extent that the reaction of bromide of ethyl with am- 
monia itself, discloses. 

H5N + €oH5Br=HBr+ H }N 

h) H 

It tells me that in this complex molecule 5 atoms of 
hydrogen are more closely united to the carbon than the 
two others ; and in this it leads me into no error, for we 
know that the two atoms of typical hydrogen may easily 
be replaced by another group (Hofmann), whilst it is 
not the same with the other atoms of hydrogen. 

It may be seen, then, that this formula is only the 
expression of certain facts. It does not go beyond 
them ; it only recalls the conclusions that we may draw 
from experiment, if not on the exact position of all the 
atoms, at least on the mutual relations, and the functions 
of some of them. 

Can such a formula express all the facts ? Evidently 
not. When I write acetic acid 

I recall its form.ation by chloride of acetyle and water, or 
by the action of oxygen on aldehyde ; but I do not fore- 
see the possibility of forming acetate of sodium with 
carbonic acid and sodium methyl (Wanklyn),* 

* Annalet de Chimie et dePhysiguef 3rd series, t. Ivii., p. 358. 
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Gee + «'"' i = ^ ^Ih ] o 

Carbonic acid. Sodium Acu*:itc <>f 

mcth}'!, h'liiium. 

or the action of soda on cyanide of methyl (Dumas, 
Malagnti, and Lc Blanc). I neither give account of the 
electrolytic decomposition of acetate of soda nor of the 
formation of acetone. All theso reactions disclose a 
certain grouping of the atoms in the acetyle radical, 
which is not indicated hy the term (^-alIgO, which is re- 
presented as a whole in the typical formula 

id" 

Bat in the case of acetic acid notliing is easier than to 

niake the formula agree with the facts just mentioned. 

TodoBo it is only necessary to decompose the radical into 

two groups — CH3 and C9 — and to write this formula 

Ge-<?Il3 ) .. 
II /" 

In truth, it is now less simple, hut it represents a greater 

number of fucts. This methyl group which is shown 

there, existed in the cyanide of methyl, in the sodium 

methyl, and it passes into acetone 

CO-OlIg \ 
GII3J 

We must remark that the molecule of acetic acid onlv 

contained two atoms of carhon, and that the groups €9 

»nd GHg each contain one. This formula then can 

Juttdly he further decomposed. It is on that account 

that, without ceasing to be simple, it explains so well 

*11 the reactions. By means of similar processes we can 

pwfect the typical formuloo, by decomposing the terms 

expressing the radicals into a certain number of factors. 

TlWB nothing prevents us from representing the bodies 

honiologous with acetic acid by the formulas 

II } ^' II / "' li i ^' 

Propionic acid. Butyric acid, &c. Valeric acid, &o. 
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nor from giving analogous formulœ to the acetones 
derived from these acids. It is unnecessary to insist on 
this point, which is generally admitted. But we must 
not forget that such changes introduced into the typical 
formulœ must represent facts, without ever going beyond 
them, for fear of becoming arbitrary; in the next place 
that in these decompositions of formulœ there is a limit 
which must be respected for fear of taking from the 
typical notation its principal advantage, that of simpli- 
city. It seems to me that some chemists have been 
unable to avoid this latter danger, and that in their 
desire to be complete and profound on the subject, they 
have submitted to become obscure. How could it be 
otherwise, since they attempted to decompose the for- 
mulœ of complex bodies ? In such a proceeding, sup- 
posing every error were avoided, we should certainly 
not escape the embarrassment of a complicated, if not 
confused, notation. I insist upon this consideration , and 
I will strengthen it by an example wbich offers a par- 
ticular interest. I formerly represented the composition 
of lactic acid by the formula 

(GgH.e)" ) ^ 

hJ^2 

to show that this acid is derived from propylgiyool, 

(OaHg)" \ ^ 

hJ^2 

that it is diatomic, and capable of forming a dichloride^ 

CaH^e-Clz, and an anhydride GjH^e-O. This formula 

then, represents a certain number of the reactions of thie 

acid. It is far from representing them all. In fact, in 

the same way that dicyanhydric glycol, or dicyanide of 

ethylene divide under the influence of caustic potash into 

ammonia and succinic acid,* so monocyanhydric glycol 

by the action of alkalies gives lactic acid.t 

* Maxwell Simpson, Annales de Chimie et de Physique, jrd series, 
vol. Ixi., p. 214. 
t WislicenuB, Annalen der Chemie und Pharmacie, voL cxxviii., p. 91 : 
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Quite lately Mr. A. K. Catton has obtained lactic acid 
by passing a current of carbonic acid into alcohol in 
^hich he at the same time di8solyed sodium.* 

The formula 



H J ^2 



does not account in a satisfactory manner for these new 
cases of the formation of lactic acid ; for it does not show 
that the radical €31149 is composed, according to eyery 
appearance, of two terms, as the two preceding experi- 
ments indicate. But it is both easy and allowable to 
give satisfaction on this point by introducing into the 
formula of lactic acid a change analogous to that made 
in acetic acid. The formula 



H,H 1^5 



expresses in a satisfactory manner these new reactions. 

I have often insisted on the different functions which, 
in lactic acid, are fulfilled by the two atoms of hydrogen 
which we look upon as typical, and which I have sepa- 
rated in the preceding formula. Mr. Perkin,t has very 
cleverly expressed thi» idea, by saying that lactic acid is 
at once acid and alcohol. M. Wislicenus^ has recently 

H fe +*^2^ H 1^1 e + NH, 

h) 

Houocyanhydric glycoL Lactic add. 

the lactic acid thus tormed is identical with the paralactic acid extracted 
from meat. The synthesis of ordinary lactic acid has since been 
accomplished by M. Strecker by means of alanine obtained by the 
acUon of cyanhydric acid on aldehyde. M. Wislicenus has arrived at 
the same result by starting from aldehyde. 

Ethylate of Carbonic Lactate of 

sodium. acid. sodium, 

f Chemical News, 1861, p. 8z. 

I Annalen der Chemie und Pharmacie, vol. cxxt., p. 41, and toI 
cxxTiii., p. I. 
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• 



even tried to translate it into the notation, by wi 
the formula in question — 

(€G)" 






The two atoms of hydrogen here occupy perfectl 
tiact positions ; one forms part of the group 

and cannot be replaced by an electro-positive metal 
other, the basic hydrogen, is outside the group. 

By introducing into the formula of lactic aci( 
group, or typical residue, as he calls it, 

H 1^ 
M. Wislicenus explains the experiment of the decc 
sition of monocyanhydric glycol.* He founds hû 
mula upon a fact ; he is in the right. But I quest 
this formula expresses as clearly as the more simpl 
the relationship of lactic acid to propoglycol, o 
formation of chloride of lactyle and of the poly 
compounds, and whether the inconvenience caused 
complicated form is compensated by the advantage 
formula offers in the interpretation of other reac 
We may be allowed to doubt it, and to prefer for 
nary use the simpler formulae 

in which the two typical residues H0 are p 
together. 

I think it should not be forgotten that the thee 
types and the notation springing from it are mt 
Ions instruments of explanation and classification 
that the services they have rendered to science 

* See note f in page 94. 
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peatlj from the simplicity of the idea and the clearness 
«f the form. These advantat^cs have caused it to he 
idopted hj the authors of the most valuable works on 
orgaaic chemistry that have appeared within the last 
few years — viz., by Weltzein in his remarkable " Sys- 
tematic Table of the Organic Combinations," ♦ by 
Limpricht,t in his excellent " Treatise," and above all 
I7 Eekulé in his admirable *< Treatise on Organic 
Cl»mistry."{ " But," it will lie asked, " is this the only 
lignification of the theory of lypes? Is it only a con- 
venient expedient to explain reactions ? Is it not sub- 
vâinate to some general principle which is the cause of 
iti existence ?" These are important questions and re- 
quire serious examination. 

An eminent chemist some years ago made an attack 
opon the theory of types, which was more serious than 
night at first sight have appeared. § 

*' How can we admit," said M. Kolbe, " that nature 
^d so restrict herself as to form all organic and in- 
<^fguiio combinations in the mould of four substances, 
clioeen at hazard, — hydrogen, hydrochloric acid, water, 
tnd ammonia, and to produce nothing but variations 
on these four themes ?" 

** Further, what natural connexion is there between 
the majority of organic compounds, and water, hydrogen, 
« bydrochloric acid ?" 

According to Kolbe, these typical relationships are 
wtificial and arbitrary, and ho agrees to consider the 

* " System atischc ZiisammenstoUiinj dvr orgauischcn Verbinduu- 
J^*'" By C. Weltzicn. Bnxiiswick. 1S60. 

* "Lehrbucb d-T urgauiacben Chemio." By U. Limpricht. Bruns- 
^^- i860. 

* " Lehrbuch der organiscben Cbemie oder Cbemie der CoblonRtoff 
*«MnduTigen." By Dr. Aug. Kekulé. Vol. i. Erl;m<ren. 1859. 

§ See cbiefly KoU-c, " Uobi.r dun n itUrlidicn Ziwamnicnbang dor 
I ^igaoiBchuii mit den iiiiorganiacheu Veibiiidungon," etc.— AyinaUn 
I '^Chtniie und Pharmacie^ vol. cxlii., p. 193. 

II 
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organic combinations — that is to say, the com 
of carbon, as being derived from carbonic acid, 
the first source of them. 

These objections are not without weight. I 
plied to them * by showing that the types of fa 
water, and ammonia are not chosen at hazainl, I 
sent three forms of combination, between w 
theory can establish a connexion. We may in i 
rednce these three types to one, and refer them 
gen more or less condensed. Thus, water a] 
hydrogen doubly condensed, in which the diatoi 
oxygen has taken the place of H,. Ammonii 
as hydrogen condensed three times, in which 
tomic element nitrogen has taken the place of ] 
idea is expressed by the following formulae : — 

H H H Cl Hydrochloric, acid. 

II,H2 H20" Water. 

H3H3 H3N'" Ammonia. 

H4H4 H4€^' Marsh gas. 

H5H5 CljP^- Perchloride of phosp 

H^Hq Cle(Al2)^' Chloride of aluminiv 

Thus, whilst chlorine only possesses the po^ 
placing one atom of hydrogen, oxygen can rep] 
nitrogen three, &c., and these differences in tl 
of substitution are represented in the preceding 
by the accents ' '' '", and the Eoman figures iv., 

But oxygen, which can replace two atoms of h 
can also combine with two atoms of hydrogen ; i 
of combination is equal to its power of substitu 

• Répertoire de Chimie Pure^ vol. ii, p. 354, uid Riptrtov 
Pure, vol. iii., p. 418. 

t Since 1855 I have sought to point out and define the fu 
principle of the theory of types by showing that the tie wl 
them consista in the different powers of substitution po 
hydrogen, chlorine, oxygen, nitrogen, and phosphorus. I r 
tribatic phosphorus by the formula P=ps (three small 
atomic). — Annale* de Chimie et de Physique, 3rd series, voL x! 
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■ double that of chlorine; it is diatomic. Similarly, 
ùtxogen, which replacée three atoms of hydro^n, can 
•Ibo combine with three atoms of hydrogen ; ita com- 
bining power is triple that of chlorine ; it is triatomic. 
Ve may then say, by firing another and a clearer form 
to the idea above expressed, that a water type exists, 
baeaose there exists a diatomic element, oxygen ; and 
tibat we are justified in admitting an ammonia type, 
beeanae there exists a triatomic element, nitrogen.* 

Thus the theory of types is subordinate to a funda- 
inntal principle which in a manner governs it, and 
upon which it depends. The types are not chosen at 
Ittard, since they represent forms of combination deter- 
nined by a fundamental property of the elements; their 
power of substitution, their combining power, their 
atomicity. It is evident that we might multiply them 
I7 following this train of ideas, and carry the number 
of fundamental types from three to five, as the table on 
tile next page shows. 

Nothing would prevent us, moreover, from admitting 
types resulting from the condensation of the preceding, 
•ad to combine them to represent compounds of a higher 
vder. Two atoms of aluminium, by joining or com- 
bining with each other, acquire a power of combina- 
I tûm ma 6, Hence the condensed type Al^Clô. 

* KekuM, "Lobrbuch," voL i., p. 114. A. Wurtz, "Nouyellei Ob- 
■■mittani lur la Théorie dei Typw.**— Répertoire de CMmie Pure, vol. 
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ILLUSTRATIONS OF THE 



HH' 

Hydrogen. 



Hcr 

Hydrochloric acid. 

HBr' 

Hydrobromic acid. 

K'Cl 

Chloride of potawBium. 

Ag'Cl 
Chloride of silver. 

HEt' 

Hydride of ethyl. 

EtEt' 
EthyL 

Et'Cl 
Chloride of ethyl. 




Sulphuretted hydrogen 

H^Se" 

Seleniuretted hydrogen 

HKO" 

Hydrate of potassium. 

. AgaO" 
Oxide of silver. 

HEte" 

Hydrate of ethyl. 

EtaG" 
Oxide of ethyl 

EtjS" 
Sulphidd of ethyl. 

Oxide of calcium. 

(e,H,)"e" 

Oxide of ethylene. 



rw 



H,N' 

Ammonia. 



H,P"' 

Phosphuretted hyc 
gea. 

H3A8'" 

Arseniuretted hyc 
gen. 

EtjN'" 
Triethylamine 

EtjP'" 

Triethyl-phoephia 

ClsA»"' 
Chloride of araeni 

ClaSV" • 
Chloride of antim< 

CI3B0'" 
Chloride of boro 

ClsBi'" 

Chloride of bismu 

Cl.V" 
Chloride of vanadi 

Trichloride of allj 



F,TI»:^îki" 



TmOBT OF TTPE8. 
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Efiiv. 

IhnhgM. 



tUonde of carbon. 



Cirbonio add. 



ilj^iSde of oarbon. 
krideofsiliciiim. 



SUidcadd. 



SUduxn-ethyl. 
rehloiide of tin. 



Et4Sn*^ 
Stannethyl. 



aride of titanium. 



tide of zirconium. 



^bromide oi allyle. 



CI5PV. 

Perchloride of 
phorua. 



phoa- 



C1H4N^ 

Hydrocblorate of 
ammonia. 



Hydriodide of phoaphu- 
retted hydrogen. 

8«lphide of triethyl 
phoapbine. 



CljSb^ 
Perchloride of 
mony. 



anti- 



IjEtjSb^ 

Di-lodide of triethyl 

Btibine. 



ClEt4A8^ 

Chloride of tetrethyl- 

arsine 



ClaEtgAs^ 
Dichloride of triethyl 
arsiue. 



ClgEtjAs^ 

Trichloride of diethyl- 

arsine. 



Cl^EtAs^ 

Tetrachloride of mon- 

ethylarsine. 



CleAl, vi. 
Chloride of aluminium. 



Oxide of aluminium. 



Chloridia of iron. 



Oxide of iron. 



Trichlorated trichloride 
of benzine. 



C1,G,« 
Seaquichloride of 
bon. 



car- 



Hydride of ethyL 
Aldehyde. 
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The organic combinations might all be derived 
the type GE^.* 

* We should also have the following formulas :— 




Marsh gas. Chloride of methyl 
^ H 




/A 






( (He)' 

Hydrocyanic add. Cya 

(Gl 



(GH,.e)' 

Oxide of methyL Formic acid. Hydrocyanic add. Qsranio 



H (ci *^ ((H( 



Hydride of ethyl. Chloride of ethyl. Aldehyd. Hydrate of 



(€aH,.0)' V ^^^^ ^ (HO)' ^ (HO)' 



Oxyde of ethyL Acetic acid. Olycol. Olyoolie ad 

For the formul» of the higher series it would be sufficient tor 
the group (GHs) ^7 the more complicated alcoholic groups 
nothing prevents us from decomposing the latter, and fh>m t« 

The preceding compounds are saturated ; they are derived trc 
saturated type Qn.^, As for those that are not so, they n: 

referred to the type of carbonic oxide QQ^ which is equal to Ç 
eeorGJH GJ^H)' cj^H,)' 

Type. Acetylene. Ethylene.! 



e||e,H,)' eue^u,)' 



Allylene. Propylene. 

But it seems to me that such formulée do not offer any advantai 
least for explaDation, over the generally-used typical formnln. 
are less simple, and, after all, they differ less than might be th* 
A distinguished chemist, M. Debus, has juHt proposed for acet 
the formula given in this system. I may be allowed to remar 
the two formula ^ ^^ ( GH, 

€0,€H3|^ andO 

do not differ essentially from each other ; the group H0, wh 
shown there (as in those which M. Kolbe employs)^ only repr 

t Formula of Kolbe. 
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Bat it iniMt be remarked that this type might be re- 
^fnà to the donbly condensed water type.* 

As for the carbonic acid type, as adopted by M. Kolbe, 
^ il ooofomided with the water type.t 

And it is evident that the water type, II^O, has this 
•dnnta^ over the type (CO)'O", that it permits the in- 
Maction of a single monatomic group in place of an 
atom of hydrogen: Hj is divisible, (CO)" is not. 

However this may be, what we have sought to esta- 
blish seems to be proved — viz., that the principle of 
the atomicity of the elements forms a natural connection 
between the types. 

In the following pages wo shall seek to define this 
principle, and show its importance in reference to the 
general theories of chemistry. 

the typCoal reeidae H^O — II. 1^^ flrn>"P> dig, exists in both ; 
•ad the Moond atom of carbon is in direct connertion with the atom 
of c»zjgaL Thus, whether acetic ac-id bo roferrc] to tho type water 
or to the type OH4, Almodt the name ^oups are admitted iu it ; and 

how oould It be otherwise, since both formulée are foimded on the 
Intorpretation of the reactions of acetic acid. 

•Hj)^ Hai« ^'\n. €iv. equals 0^ 
Ha/^2 H^\^ e"}^' O^equalllj 

t l^iO^Oi or Oe".e equal HaO". 
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SECTION III. 
Atomicity of Radicals, 

The principle of atomicity was established in tbe 
science slowly and by degrees. The germ of it is eon- 
taiped in the law of multiple proportions, and above all 
in the following laws of Gay-Lnssac concerning the 
volumetric relations which regulate the combinations of 
the gaseous bodies : — 

I volume of chlorine combines with i yolume of 
hydrogen. 

I volume of oxygen combines with i Tolames of 
hydrogen. 

I volume of nitrogen combines with 3 TolumeB of 
hydrogen. 

The combining capacity of the three bodies for 
hydrogen is, therefore, essentially different. Chemists 
were less struck with the importance of this deduc- 
tion, because the law of multiple proportions taught 
them also that the combining power of one element 
for another is exerted by degrees. How could they 
liave given the attention it deserved to the fact of the 
triatomicity of the nitrogen in ammonia, when they knew 
that I volume of nitrogen combined also with half â 
volume of oxygen, which equals i volume of hydrogen ? 

Besides, the idea of the atomicity or equivalency of 
atoms could only attain development when the notion 
of the atom was clearly separated from that of the 
equivalent; and we know what contusion there has 
long existed on this point. But, when this distinction 
was established, it was seen at once that the' simple 
or compound radical» were not all equivalent to eaeh 
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it, and did not possess the same power of substitn- 
i or combination. In his article on thiacetic acid, 
cnlé mentioned the hihasic nature of sulphur,* 
developing the idea of Dr. Williamson on the substi- 
on Talne of the group ^Oj» ^^ sulphuric acid, 

TS it replaces z atoms of hydrogen, Dr. Odlingf 
lied this view to other compound radicals, and, which 
if considerable importance, to a certain number of 
lents. He remarked that, whilst potassium dis- 
les only i atom of the hydrogen of water, and, con- 
lently, has a substitution value only equal to that of 
rogen, bismuth, for example, possesses a substitution 
te equal to that of 3 atoms of hydrogen. lie put 
view in a very clear form by representing the 
position of potassa and oxide of bismuth by the 

lOlSD 

^; } O" and ^^l ] 3O" 

ivhich the accents show precisely this substitution 

le, — now called atomicity. 

have called attention myself to the differences which 

t between the combining powers of the elements, in 

article on the organic radicals, where I speak of 

ogen and phosphorus as '' tribasic radicals."} 

his was the origin of the theory of the atomicity of 

elements. But this theory acquired a real importance 

'' when the notion of polyatomic radicals was 

dtted into organic chemistry. I believe I was the 

to introduce it, and my deductions were based, in 
first place, on M. Berthelot's works on glycerine, 

then on my own researches upon the glycols. It 

(unolfli der Chemie und F^armacie, vol. xc, p. 310. July, 1865. 
^ On the Constitution of Acids aud SnXtB,"— Quarterly Journal 0/ 
iemkal Society^ voL vii., p. i, January. 1855. 
buMtfet de Chimie et de Phygiqui, 3rd series, vol. xliv., p. 360. 
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wilr be adyisable, then, to show the logical coi 
and Buooessive deyelopment of all these ideas ; t 
in the first place, what is meant by this ezpressi 
so often used, of polyatomic radicals ; and to expl 
the notion of radical compounds, in general, is 
from that of the saturation of bodies. 

RataratloB. — A considerable number of car 
hydrogen are known. Now, experience teachei 
in none of these bodies does the proportion of 
ment exceed that indicated by the general form 

Thus, the carbides richest in hydrogen that ar 
are the following : — 

G H 4 Hydride of methyl. 



^2^, 


ft 


ethyl. 


G3H 8 


f» 


propyl. 


^4^10 


»* 


butyl. 


^8^12 


ti 


amyl. 


^6^14 


>t 


hexyl. 


^7^1« 


»f 


heptyl. 


^8^18 


f* 


octyl. 


G9H20 


»» 


nonyl. 


^10^ 


t* 


decyl. 



These carbides of hydrogen are called c 
because they cannot enter into direct combina 
any other element. Taken as a whole, they 
indifferent ; they can only be modified by subs 

Let us take the hydride of propyl -G-sHg. 
can only react on this body on condition of tal 
some of its hydrogen ; 

GjHg + Br2 » -G-jHyBr + HBr. 

In this first reaction the hydrocarbon GgHg 
hydride; the group G^Hj has passed intact 



r 
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primidTe earbide of hydrogen into the brominated com- 
poimd CjH^Br. The latter is saturated like the former ; 
the tam of the atoms of hjdro^n and bromine is equal 
to S. It acts like the bromide of a radical -6-3H7, and 
^ see that this radical is derived from the saturated 
Qubide -6-,Hg by subtracting i atom of hydrogen. This 
hung removed, the remainder, O3H7 ...GsHg— H, is no 
loQger saturated. It acts as a monatomic radical; it 
<ia replace i atom of hydrogen ; it can also combine 
^th I atom of hydrogen, or with the equivalent of 
I itom of hydrogen — for example, with i atom of chlorine, 
of bromine, of iodine, of cyanogen, of amidogen, of pro- 
pyli &c. Its saturation is then complete. The follow- 
ing compounds in which it enters are all saturated : — 

(Q^UjYCI Chloride of propyl. 

(OjHyj'Br Bromide of propyl. 

(€3117)1 Iodide of propyl. 

(03H7)'(He)' PropyUc alcohol. 

(OaH^yCy Cyanide of propyl. 

(GsHy/fHaN)' Propylamine. 
(GjHyj'CGjHy)' Free propyl. 

The carbide C,Hg, propylene, differs from the saturated 
wrbide GsHg by containing z atoms less hydrogen. To 
complete its saturation it is then necessary for it to com- 
be with the equivalent of z atoms of hydrogen. We 
know, in fact, that it can combine directly with a atoms 
tf chlorine or bromine ; 

(GjHg)" Propylene. 
(G3H6)"Cl2 Chloride of propylene. 
(GjHg)"Br2 Bromide of propylene. 

It has then a combining power equal to 2 atoms of 
hydrogen, and it can replace 2 atoms of hydrogen. This 
Il expressed by saying that it acts as a diatomic radical. 
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In the following compounds it takes the place of % atoms 
of hydrogen ; 

{e3H,)"(He), Propylglycol.» 
(G,Hg)"(NH3)2 Propylene- diamine. 

Now, supposing the saturated carbide OjHg to lose 
3 atoms of hydrogen, then, to complete its saturation, 
it must combine with the equivalent of 3 atoms of 
hydrogen ; it must be able to replace 3 atoms of 
hydrogen ; and in a word, to function as a triatomio 
radical. It acts thus in the following compounds : — 

(GjH5)'"Cls Trichlorhydrine. 

(0,H5)'"Br5 Tribromhydrine. 

(■e-jH5)'"(He)'Cla Dichlorhydrine. 

(■G-,H8)'"(He2)'Cl Monochlorhydrine. 

(GsHfij^'s (He)' Glycerine. 

In short, the atomicity of a hydrocarbon radical 
depends upon its state of saturation. For each atom of 
hydrogen that is removed from the saturated hydro- 
carbon, the residue or remainder, which acts as a 
radical, advances a step in atomicity.f 

* This formula differs nothicg ftx>m the topical formula 






This latter would express that propylene is substituted for two atoms 
of hydrogen. The other formula would rather imply the analagooi 
idea that propylene has a combining power =z. In fÎEtct, each of tht 
groups H0 equals i atom of hydrogen, since they require H to fona 

water. The residue (HO)' = H^O — H acts as a monoatomic radiesL 

With regard to this, it may be useful to add that this residue in DO 
way represents oxygenated water, as certain chamists declare. Ths 
latter is H202b(H9)'(HO')« SLnd contains the remainder of tm 
molecules of water which have lost two atoms of hydrogen 
H^Ga """Ha* 

t I think I was the first to express the idea that the atomicity of • 
hydrocarbon radical depends upon the amount of hydrogen thtl 
this radical has lost. The following is a remark I made in April, 1855; 
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Cr^Hg Saturated hydrocarbon, 
[g — H =s (G3H7)' Monatomic radical propyl. 
[g — Hj = (GjHg)" Diatomic radical propylene. 
Ig-Hj s= (GjHj)'" Triatomic radical glyceryle. 

! considerations are of great importance, and it is 
ie to define them clearly and to generalise them, 
ogen combines, as we know, with i atom of 
i, T atom of bromine, &c. It is a monatomic 
; it has a combining power represented by 1 ; 
sents a unit of combination or affinity. Every 
len, that we remove from any combination what- 
lat is saturated, i atom of hydrogen, or a mon- 
element like hydrogen, or a group equivalent to 
of hydrogen, we lessen by one unit the sum of 
inities which reside in all the elements of this 
ation, and which are there satisfied. The residue 
under then acts like a monatomic radical. And 
f we remove from any saturated compound 2 atoms 
rogen, or chlorine, &c., the remainder will act as 
mic radical. 
Î are some examples : — 

H20-H = (Hey. 

H3N-H = (H2N)'. 

Àniïdogen. 

NHe3-(He)' = (NO.,)'. 

Nitric acid. Hypcnitride. 

de CTiemie et de Physique, 3rd séries, vol. xliii., p. 494), in 
1 which, for the first time, the radical O3H.5 was considered 
)mic: — "If we express the constitution of propylic alcohol 
ormula 

1 the radical CgH- replaces i equivalent of hydrojçen, we 
D that the group CgHg = C^H^ - Hj can replace 3 equi- 
of hydrogen, and thus form the junction between 3 mole- 
water." 
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Cbloracetic acid. 

Acetic acid. ^ 

^2 £i4Sr2 "~ Br 

GaHeGa-CHO)' 

Glycol. 

(G0)Cl2-Cl2 

Chloride of 
carbonyle. 

GjjH204-2(H^y 
Oxalic acid. 

G.H694-2(He)' 

Succinic acid. 

■^iHeO^— H2 

Succinic acid. 

Pyro-tartaric acid. 

G2Hg0 — H2 

AlcohoL 



(G2H3O2) • 
Oxaoetyle. 

(^2^3^)'' 

Acetyle. 

(G2H4Br)'. 

Bromethyle. 

Oxethyle. 

(GO)". 
Carbonyle 
(Carbonic oxide). 

(G2O2) . 
Oxalyle. 

Succinyle. 

(G.H^e,)". 

Futnanc and malic a 

(■GjHgGJ". 
Citraconic acid and 
Isomeric forms. 

(e,H,0)". 

Aldehyde.. 



Reciprocally, the atomicity of a residne or of a 
vill diminish a step by each addition of an atom o: 
gen, or, in general, of an element or group repre 
a unit of combination. 



(ee)"+H 

(G,HO"+(H0)' 

(aH,)'+e" 

(GjH5)«"+6" 
(GjHj)" + Br, 



(CeH)' 

(e^H^Br)' 

(GAG)' 

(02112612)". 



It will be useful to define the functions that t 
formed remainders or residues can fulfil, either tu 
possessing a certain substitution value, or as 
properly so-called, capable of entering into dire 
bination. These considerations will give us an 
tunity, not only of entering further into the m 
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the atomicity of the radicals, but also of defining the 
meaning, at pruaent rather Tague, of the word radical. 

We must first observe that none of the monatomic 
ranainders or radicals, hydrocarbons or otherwise, that 
we have hitherto considered, exist in a free state; 
the same remark applies to the triatomic radicals, and in 
general to the (carburetted) organic radicals of uneven 
ttomidtj. The radicals which are of even atomicity 
OQ the contrary, such as ethylene and its homo- 
k)goQB compounds, and carbonyle, can exist in a free 
lUte and enter into direct combination with the ele- 
iBents. lliis is a consequence of the atomicity of the 
elements, as we shall prove further on. For the time 
^g we will merely state the fact; the monatomic 
ndicals, as such, do not exist in a free state. To become 
^ they must combine, in a manner, with themselves ; 
tbur molecule being double, like that of the monatomic 
elements themselves. Thus, if we remove H from O^H,, 
*» liave a residue {-G-jHj)' whose value of combination 
^d substitution = i, and which therefore can replace 
J*n« atom of the hydrogen in water ; but, directly it 
^ let free, this group combines with itself to form free 
ethyU 

G2H5+G2H5 = €41110, 

* B&turated combination. Similarlv, if from water 

^« remove H, the remainder, (H9)', possesses a substitu- 
ai value « I . In oxygenated water, HjGa, this residue 
^ ^mainder is contained twice ; it is in a manner com- 
bed with itself— 

^ group (HO)' equals a miit of combination ; so it is 
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represented in the preceding table in the same way a. 
hydrogen, chlorine, bromine, &c. 
The ozacetyle remainder, 

which represents chloracctic acid minas chlorine, act 
as a monatomic radical; it enters as sach into th< 
formula — 

H) 

which expresses the composition of glycocol. By pn» 
dncing this body under the influence of ammonia, ace 
cording to the beautiful reaction discovered by MI 
Cahours, the chloracetic acid acts, in reality, like th* 
chloride of the monatomic radical oxyacetyle : 

[G^HaG J'Cl + H N = HCl + H J N 

Chloracfltic acid. Glycocol. 

It acts in the same way when it is transformed, und^ 
the influence of potash, into glycolic acid, according t: 
MM. R. Hofifmann and Kckulé : 

[■e2H3e2]'Cl+ 5 } ® = ^^^ •*• '■^'^^^^]^' I © 

Chloracetic Glycolate of 

acid. potassium. 

Fumaric and malic acids* difier from succinic acid by 
containing two atoms less hydrogen, and if the latter 
acid be saturated, as everything seems to prove, tb6 
other two can only arrive at a state of saturation by 
combining with two elements, or with two groups repre- 
senting two units of combination. Thus, according to 
the beautiful researches of M. Kekulé, they cem absorb 
directly either two atoms of hydrogen to form succinic 

* See list on page no. 
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iBid, or three atoms of bromine to form dibro'iios'jL'ciuic 
ieid. As M. Kekalé has shown, there is between fumaric 
icid and dibromosnccinic acid exactly the same relation 
u between ethylene and bromide of ethylene.* 

(^.H^OJ" + Brj = C^H^O.Br, 

Fumaric Dibroiunsuociiiic 

acid. licM. 

(C.,ir4)" + lîr, = Wl.lîr^ 

Etbyleue. DihnMiiiflu of 

cthyk-uc. 

Ethylene and fumaric acid combine directly with bro- 
>ûne to become saturated ; they each act the part of a 
ntdical in this reaction. 

The same remarks apply to citraconic, itaconic, and 
li£saooDic acids, which differ from x^yi'Otartaric acid by 
^ atoms of hydrogen, and which can combine directly 
with two atoms of bromine.t 

We might extend these considerations to a great 
Dumber of other compounds that are not saturated. Lut 
^ loffice to show by some examples that a number 
of reactions, to all appearance the most diverse, have in 
'«ality a great likeness, when considered from the general 
pWDtofviewwe have just explained, and which esta- 
•toes a correlation between the atomicity of the radicals 
•^ their state of saturation : 

G2H4 + Ha = ^Jlr, (Berthelot) 

■e-.Hi + Br. = CJI^Uro 

Zn + Br.j = Ziiliro 

Qo^i + Iliir = 0..1I,,Br (Berthelot) 

NÎla + IIBr = XlI^Br 

PCls + Cl.^ = PCI, 

€•21149 + 112 = -e-.H.O (A. Wurt/) 
Aldeliyde. Alcuht>l. 

egHio + H.J2 = C\.H,,I, (A. Wurtz) 
Allylc. Dihydiiddito 

(»f all vie. 

. ^***«^/m de Chimie et de Phi/sique, 3rd series, vol. Ixiii., p. 371. 
'^^Wlê, Annales de CUimit et de Physique, 3rd series, vol. xlv. 
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Q^Kfi + B.^ =: -G-sHbO (Linnemann) 

Acruleiu. Propylic 

Alc<>hol. 

€2X11 + H4 = C2NH5 (Mendius) 

Hydixx-yanic Methyl- 

acid, amine. 

We may say that all bodies which have the property 
of uniting directly with i molecule of hydrogen, chlo* 
rine, brominei hydrobromic acid, &c.» act as diatomic 
radicals, in the same manner as olefiant gas or zinc. 

All these radicals are of even atomicity, and exist in 
a free state. Those of uneven atomicity cannot exist 
as such in a free state. They are residues which can 
enter into combination, and which then possess a sub- 
stitution value in accordance with their state of satura- 
tion. Such are ethyl and its homologous compounds, 
allyle and its homologous compounds, glyceryle, &c. 
As soon as they are set free they double their molecule, 
and combine, as it were, with themselves. 



(G3H,)' ) _Q g 



40 
Free allyl. 

A very important remark occurs with regard to these 
latter radicals ; some of them are at once monatomic 
and triatomic. This requires some explanation. 

Propylene, €3 He, is not saturated, but it can exist in flT 
free state. If, then, we take from it i atom of hydrogen, 
it will require x unit of combination to return to the 
state in which it existed as propylene. In this manner, 
the remainder, OgHg— H = €3H5, can act as a mon- 
atomic radical. But if, instead of comparing it with 
propylene, which is in a state of incomplete saturation 
or unstable equilibrium as it were, we compare it with 
hydride of propyl C.H8, which is the saturated com- 
pound of the group, we see that it differs from it by 3 
atoms of hydrogen ; it can then act also as a triatomiA 
radical. The same remarks apply to the homologous com- 
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of allyle, aa will be teen from the following 
«:— 

le. Aldehydene. AUyle. 



r — -■ : — : — N 



1, (€2H3)'CI (G2H,)'"Cl3 (<?,H5)'Br(G3H5)'"Br, 

m. Chloride of Trichloride Bromide Tribroinide 

aldehydene of aldehydeue ofallyle. of ally le. 
(chloi-ated (chlorated 
ethylene), chloride of 
ethylene). 

9 ("G-2H3)' ) ^ (^jHa)'" ) £v (G3H5)')q(^8H5)'")q 

^« H i^ H3 j^3 H j*^ H i^» 

I Hydrate of Ethylic Allylic Glycerine, 

le. aldehydene glycerine alcohol, 

(aoetyleuic (unknown), 
alcohol). 

r radicals are at once diatomic and tetratomic ; 
3 acetylene of M. Berthelot, and its homologous 
nds, appear to combine sometimes with 2, and 
les with 4 atoms of bromine (Rebonl). This 
) readily understood, for the carbide G2H2 is 
c with regard to ethylene G2H4 ; it is tetratomic 
îgard to hydride of ethyl OaHg. It can then, 
re at the state of saturation, pass through two 
u it were. The first brings it to the family of 
Ç, the second to that of hydride of ethyl. 
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Atomicity of the Elements. 

The notion of saturation has given a theoretical bafls 
to the considerations relating to the atomicity of thfl 
radicals. It has become the starting point of a still moi® 
important theory ; that of the atomicity of the element». 

M. Kekulé, in an important article published in 18581 
first proved that carbon ought to be looked upon as * 
tetratomic element, for, said he, when we consider th© 
simplest saturated compounds of carbon we see that th* 
smallest quantity of carbon that can enter into a coiO' 
pound — that is to say, i atom of carbon — requires i^^' 
variably 4 atoms of a monatomic element or 2 atoiD* 
of a diatomic element: in a word, that the elemei*^* 
combined with i atom of carbon represent 4 unit» ^ 
chemical force. It is thus in the following combinatio**** 

IV 

QIl^ Marsh gas. 

^Cl^ Perehloride of carbon. 

OHgCl Chloride of methyl. 

PII2CI2 Chlorated chloride of methyl, 

€IICl3 Chloroform. 

^O'o Carbonic acid. 

GciOa Chloride of carbonyl. 

<^".2 Carbonic sulphide. 
But if we take series containing several atoms ^ 
carbon, we must admit, according to M. Eekulé, tb*^ 
the latter are themselves united by a portion of t^^ 

• UelKjr die Constitution und die MctamorphoRen dcr CbcmiBcl**'* 
Verbindungen und tibor die chemlscho Natur des Kolilcnato^ 
AnnaUn de)' Chemie und Pharmacie^ Tol. cvi., p. 136. 
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sting in them. Thus, in all the saturated com- 

which contain 2 atoms of carbon, i atom of 

combined directly with another atom of carbon 

anges with it a unit of chemical force, in snch 

at of the 8 units of chemical force which reside 

IS of carbon, 2 units are satisfied bj the combi- 

carbon with carbon, and there remain only 6 

re, so to say, disposable. On this account % 

carbon can never take more than 6 atoms of 

)mic element, therefore the body GjHe consti- 

hydrocarbide limit of the series of combinations 

and hydrogen which contain z atoms of carbon. 

lé represents this partial saturation of carbon 

1 by a diagram* similar to the following : — 




} seen that the two atoms of carbon are so placed 
overlaps the other. The two atoms are there 
touch for a quarter of their lengths, in order to 
;hat they exchange a quarter of their affinities. 
c atoms of hydrogen arrange themselves round 
ework of carbon so as to occupy the six vacant 
id are bounded by the dotted lines of the pré- 



sure — 



H HH 




HHH 



. well to point out that this fijj^re and those following do 
Mit in any manner either the form or the position of the 
aey simply indiCHte their mutual relationships, and to a 
lent the points of junction of the affinities. Each compart- 
3sents a unit of chemical force or affîuity. 
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As we adTance in the series each atom of carbo 
itself in some way to another atom of carbon, ai 
these atoms is also increased the number of spa» 
the atoms of hydrogen can joint on in their to: 
the affinities of the carbon have there remained 
Thus, as all the atoms of carbon tonch, and ei 
an affinity by its contact (its combination) with 
its neighbours (except the two last, which only ' 
since they only have one neighbour), it is evidi 
the greatest number.of atoms of hydrogen which 
on to this chain of atoms of carbon will be t^ 
sum of the latter, plus two. This explains the f( 
of the saturated series O.H2.+2. If necessary, 
convince ourselves that it must be so by contini 
construction of the figure g^ven above, which, it 
understood, represents neither the form of the al 
that of the molecule. 

-G 



[iî Î 

The idea of the combination of carbon with c 
as natural and legitimate as that of the combii 
hydrogen with hydrogen or of oxygen with oxyg 
54). A most important chemical fact tesi 
favour of this idea. How is it that marsh gas 1 
single polymère ? It cannot have any. For h« 
several atoms of carbon hold together when 
affinities of each of them were satisfied by hj 
By adding H2 to -G-gHe we do not make €, 
must necessarily make two molecules of GH 
cannot unite because in each of them all the 
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} satisSed. Thaa it is tliaC the series in which (etra- 
I carbon is entirely saturated by hydrogen is only 
resented by oae term— marsh gas— and that in the 
%ides oF hydrogen, nhich contain several atoms of 
ratio of one to four between the number of 
e atoms and tltose of hydrogen is never reached. We 
■ hot, that the carbides richest in hydrogen are, 

means that in a carbide containing n atoms of 
in— 1 affinities or nnila of combination are em- 
nred to connect the atoms of carbon with eocli other. 
pSut the carbides of hydrogen are not always saturated, 
1 when this is the case, we might imagine that one 
« atoms of carbon would manitcst tlie combining 
ir that this element exerts in oxide of carbon.* 
ïis deserves some consideration. 
Dxide of carbon contains a single atom of carbon, and 
ingle atom of oxygen j carbon there acts as a diatomic 
Bent, for it is combined with one atom of a diatomic 

Pappose now that i atoms of diatomic carbon ex- 
RnilioB, I others remain free and can unite 
IB of hydrogen. Wo may thus represent the 

tutitntion of acetylene Cjl^. 



reknowthat oxide of carbon can combine directly 
b oxygen and with chlorine ; diatomic carbon passes 
1 to the state of tetratomic carbon. Its afBnitiea 
o Bay, lying dormant; they awake, and we see 
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them completelj satisfied in carbonic acid and in chloride 
of carbony le (chlorozy carbonic gas) . This being allowedy 
it seems natural to suppose that carbon, which i» diatomic 
in ozido of carbon and tetratomic in carbonic acid, may 
enter into organic combinations, as, for example, in many 
carbides of hydrogen, sometimes as a diatomic and some- 
times as a tetratomic element This latter case is shown 
in the saturated carbides of the series C.H,.-!.,* ^^^ ^i 
certain carbonated hydrogens less rich in hydrogen, one 
or more atoms of carbon exist in the state of a diatomic 
element whilst the other atoms are tetratomic. This is 
why these non-saturated carbides can enter into direct 
combination with chlorine, bromine, or even hydrogen ; 
the diatomic carbon which they contain tends to become 
tetratomic carbon, as in the case of oxide of carbon 
becoming oxychloride. Let us take one example to 
define this idea. In defiant gas we must have one atom 
of diatomic carbon and i atom of tetratomic carbon. 
These 2 atoms being united, the first combines with 1 
atom of hydrogen and the second with 3. 



I. . 

H 



err 



But when chlorine intervenes, the aflSnities of the 
diatomic carbon are excited, and the two atoms of chlo- 
rine unite with the non-saturated element. 



C» HHH 



K~ 



SSi, 






HCiCl 



1 -■- 



QW 



Another case may occur. There are carbides of hydro- 
gen, such as naphthaline G^^% which are very far from 
a state of saturation, and which yet show no great ten- 
dency to arrive at it. It is doubtless on accoont of 
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c carbon being juioed togetlu 

lange lico affinities. Thus, in the following ■" 
inlermediate atom of carbon is entirely satu- 



rated by tbe affînitiee of the other ^ qI 



The latter each preserve two affinities free. 

I do not wish to pursue further these development», 
and I think the preceding inslanoes will sufRee to show 
the importance of the theory we are expounding — 
namely, the alomieity of the elements. This theory alone 
permits of attempting and of answering in a satisfactory 
manner this great question. How do the organic mole* 
cules hold logetter, and why is it that the elective 
afGnity, which the atoms of carbon, hydrogen, and 
oxygen exercise upon each other, does not exhaust itself 
in the most simple compounds ? Why can so great a 
bomber of atoms accumulate in the complex molecules of 
organic nature, and in general in all complex compounds, 
whateier be the elements contained ? 

The answer is this — All these molecules are cemented, 
BO to say, by polyatomic elements which possess the pro- 
perty of uuitingthem together so as to partially neutralise 
their power of combination, without completely destroy- 
ing it, for this power is multiple. Such is the action of 
carboa in organic compounds ; bat this actiou is not 
confined exclusirelj to carbon ; it belongsalso to oxygen 
and nitrogen, which, like it, are polyatomic elements. 
They also can serve to unite the various parts of the 
molecale, and it must not be thougbt that in an organic 
eomponndall the elements, withtheezceptionofciirboiir 
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are united directly to the latter, as in the case of thehydio- 
carbons. Let us take some examples — 

Alcohol, or hydrate of ethyl, contains GjHeO. N«Wi 
we know that the carbide C^Ho is already saturated; fv 
at once infer that the 6 atoms of hydrogen are not all n 
direct connexion, and in intimate union with the i atoDi 
of carbon. Experience teaches us, on the other handf 
that one of the 6 atoms of hydrogen is easily replaeed 
either by a simple body, such as potassium, or by agroop 
of atoms acting like a simple body, whilst this is not th0 
case with the other 5 atoms of hydrogen. 

This would seem to show that these latter are nnited 
directly to the carbon, and that the sixth unit of oomlM* 
nation necessary to complete the saturation of -6-] is sop* 
plied by the oxygen. But the latter being diatomic, htf 
one affinity remaining which is saturated by the sixth 
atom of hydrogen. Thus the indivisible atom of oxygefl 
here serves as a connexion between the incompletely 
saturated group Gj^s ^^^ ^^^ sixth atom of hydrogen* 
Such is the true meaning of the typical formula 

^ h' 1 ^ °^ (G2H5)OH. 

And we see that this formula, which is based upon tb9 
interpretation of the reactions of alcohol, shows betttf 
than any other the mutual relations of the elementi* 
The same remarks apply to ethylamine : the non-t»ttt- 
rated group (-e^oHj) exchanges one affinity with trjatom» 
nitrogen, the latter preserving two which are saturated 
by 2 atoms of hydrogen, and serving thus to unite th0 
latter with the ethyl group. 

G2II5 ) ( H 

H ) (h 

It is well known that in ethyl itself the atomi tf* 
joined together by tetratomio carbon. 
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In glycol, aa we have aboTe observed, the remains of 
Ï nJoleculea of water are joined together by the diatomio 
radical elhylene, Bat whence has this radical the 
power, if not from the tetratomic carbon it contains ? 
We find there Gj united to H, ; two onits of combina- 
tion are then wanting. In glycol one is furnished by i 
atom of osygeo, the second by the other atom of oxygen, 
and the a atoma of hydrogen which remain arc seized 
hy either atom of oxygen. Thus the i aloma of the 
latter element which are both retained hy the hydro- 
earboimted nucleua, serve lo nnite the ktter to the two 
remaining atoms of hydrogen. We may express these 
relations by representing glycol by the following 
formula ; — 

H 



II 
Bat is it not plain that this formula is only a typical 
mnla slightly lengthened, and that the two poles of 
Is group of atoms are none other than the two typical 
biainders HB, proceeding from 2 molecules of water, 
toiUB of whose hydrogen have been replaced by the 
[0 i&dical ethylene F 



H , 



e remark applies to the formula of glycolic 
, G„H.|Oj — one of the products of the oxidation of 
Whether we seek to express the relations e: 
Kttetween tb« atoms by the formula 
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H 

e 
e 

H 
or whether we adopt the typical formula* 




deduced from the reactions of glycolic acid, in bothcaMi 
we see the typical remainders U9 united by a group of 
atoms which we regard as a radical. 
The glycolic group 

\ GHa or GgHjO, 

which is shown in the formula of glycolic acid, and whidi 
results from the oxidation of the ethylene group 

tea, 

contains i atom of oxygen whose two affinities are sata- 
rated by the carbon. From this point of view this atom 
of oxygen differs from the two others which are partly 
saturated by the hydrogen. The typical formula pe> 
fectly expresses this difference, since it places the first 
atom of oxygen in the radical, and the two others with- 
out. It is an important fact that M. Hermann Koppf 

* I g^ve thef>e formulœ in a note inserted in the Annale* de Chimk 
et de Physique, jrd series, vol. Ixvii., p. io8, January, 1863. 

t Annalen der Cliemieund PJiarmacie, vol. c ,p. 19. Annales deChimit 
et de Physique, 3rd series, vol. xli., p. 46X. The specific or atomic volomt 
is the volume occupied by quantities of matter corresponding to tin 
atomic weicfhts. It is obtained by dividing the atomic weights by tbe 
densities. By comparing the specific volumes of homologous c<Knbi- 
nations, M. H. Eopp perceived that, for each increase of 'G'H2, ^ 
specific volume of the molecule increased on an average by Z2. Bl 
found, in the second place, that two combinations, one of which cob* 
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m 

lut proTed that this difference in the position of the 
atoms of oxygen corresponds to a difference in their {spe- 
cific yolume, the specific volume of oxygen situated 
iatide the radical hcing 1 2*2, and that of oxygen situated 

trininÇmore andnHti less than the othur, jiortsesn the Mime Kpe- 
ciflc Tolume, so that Q. can rcpliice zll withf-ut priHiuciiig any chan^o 
^fha specific vohimo. From this ho cimclmlcd that the siiecitic 
^nme of O WAS equal to that of II 2, and Wiut ubio tu duduce this 
^ome from this knnwn specific Vdhimc (zz) nf -C-H.,, IIo th»is fo'.nid 
At the specific volume of -fj- the value rr = 11, and' fur thritnf H the 
llue5^ __ c'c. Ho tlieu determined tbe>iH.'i'ificvulumc(ifthcoxyKCii 
flouti^ned in a radical by comparint; the ^l>L-citk■ volume of an act-tone 
or n aldehyde, for example, with that of thu c-orrcf>t»onding hydro 
BB'tiùle. Thus, by subtracting from the upecific volume of thu 

tbt of the carbide— 

he found for the specific volume of O the number 11*3 — 11 6. i3y sub- 
tnetingfrom the specific volume of the aldehyde— 

^211.0 J _G,H,e(s6-o-56-9) 

ihttof 

€-3^(44), 

bt found for the specific volume of O the numbers iz'o-izq. II 
**wwlbretook the mean, the number iz"i, for tho specific volume «>f 
^heoiygen contained in a radical. To find tho «pcciflc volume of 
^ypic»l oxygen, he s\ibtractcd from tho s^MJcific vnlnme of water (cal- 
••^Itt^ for the boilinif point) the specific volume ot II a =i x 5*5. IIo 
ttn» found the specific volume 7*8 for the oxygon O «it^iated outside 
tteiadical — that is to say, forming part of a typical residue 110, 
''ww numbers being thus determined, ho could calculate tho spuuitic 
"'^'nneof a combination ■0-^Hb(9o)^d* ^^ ™**^^'' ®^ the form ulu— 

a.ii +b.5*5 + c.i2*2 + d.7*8. 

In the formula ■G-»Hb(9)c0d, (O) denotes the oxygen contained 
«the radical, and O that containod outjiide the radical. The values 
•™a calculated d ;3>'iori coincide satidfaclurily with those given by ex- 
P*takent, a fact which verifies the theoiy, and pirticularly the siip- 
Wstion that oxygon has a different spécifie volume when it fomis 
JJ^ of a radical— that is to say, when it is entirely united to tho car- 
'^ to what it has when placed outside. 

• Comptes Rendus, vol. Ivii., page 283. 
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outside the radical being 7*8. Thus the typical formols 
have received a doable confirmation. On the one hand 
they are supported by the considerations on the spedfie 
Tolumes of the liquid bodies ; on the other hand by the 
theory of atomicity. The latter has revealed the isu 
portant property of the polyatomic elements of serving 
to unite different portions of the molecule, a property 
which is shown in a great number of typical formul». 
The following are very significant in this respect : — 

H>« i>« iS> l:H:i>^ i§>'' 

Hypoclilo- Hydrate Oxide Anhydr «iia Triethyl- 

roub acid. ot of othyL acetic add. amine, 

potaiâiùum. 

But the theory of atomicity has allowed us to make • 
further step in advance, for it gives account of the 
manner in which the atoms hold together the radicals 
themselves. The latter are represented in the typical 
notation as compact groups ; it is now possible to re- 
solve them, so to say, into their elements. That is the 
object and meaning of the formulae we have given above 
(pages 123 and 124), in which the symbols are, as it were, 
distributed. Are we, then, to say that formulae so length- 
ened out should be employed in preterence to the clear 
and simple typical formulae ? I am far from thinking so» 
for under the pretext of wishing to represent everything 
by such a formula, we run the risk of becoming em- 
barrassed by an obscure or arbitrary representation. I 
will show this by a single example. 

We attempted further back to give an account of the 
respective relationships of the atoms in glycol. This 
attempt was successful since it referred to a simple com- 
pound. But take a slightly more complicated compound 
diethylenic alcohol ■0-4Hio©3. We know by its mode of 
formation, and by its reactions that this body contains 
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le radicals. They are joined to 2 atoms of hy- 

ind to 2 atoms of oxygen. The considerations 

JO atomicity allow us to represent in the follow- 

ner the relations of these different elements to 

îr: — 

H 

e 

e 
e 

H 

ethylene groups which, for the sake of sim- 
we have not thought right to decompose, ex- 
>ne affinity. There remains, then, another in 
up to be disposed of; it is satisfied on either 
an affinity of each of the atoms of oxygen 
re connected with the ethylene. The other 
)f these latter serves to unite on the one side 
I hydrogen, on the other with another atom of 
which in its torn unites with the hydrogen, 
'e might also suppose that the two ethylene 
re joined together by i atom of oxygen. If 
e the case, the molecular arrangement of the 
lie alcohol would be expressed by the following 



H 


e 


^2H4 


e 


"^^2^4 


G 


H 


orresponds to the typical formula 


r^2H4)^r ) 


H J 
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The more simple formula 

(^2H4) ) 

\pliich I have hitherto adopted, merely indicates int 
general manner that the 3 atoms of oxygen serre to 
unite 2 ethylene radicals and 2 atoms of hydrogen. Bat 
what are the precise relations of these 3 atoms of oxygen 
with the other constituent elements ? Are the atoms of 
ethylene joined together directly, or through the medium 
of an atom of oxygen ? It is impossible to solve these 
questions d prioi'i. 

The second of the formulae of constitution given 
above, perhaps better accounts for the fact that in di- 
ethylenic alcohol the 2 ethylene radicals do not form t 
single radical (<3-4H8).* 

But, on the other hand, we see that it may be so» 
merely by supposing that the 2 ethylene radicals are 
directly contiguous, as we have above allowed. In facti 
if it is true that the combining power of a group or of 
a radical depends on the atomicity of its elements — if it 
is true that such a group possesses the property of 
uniting with other elements only because it contains one 
or more imperfectly saturated element, experience 
teaches us, on the other hand, that the elements thus 
attached are often retained by an affinity less strong 
than that which joins together the elements of the 
group itself. The eflPect, then, is as if the whole group 
were to act according to the resultant of all the affinities 
residing in it. Doubtless the ethylene radical can unite 
with chlorine and bromine only because it contains an 
imperfectly saturated atom of carbon. But I consider it 
probable that under these circumstances it acts not so 

* When hydriodic acid is raade to act upon dicthylenic alcohol, the 
ethylene radicals are separated again, and ioaide of ethyleue it 
formed. 
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7 thia atom of carbon as like an entire g^up, 
:now that carbon possesses only a slight affinity 
line or chlorine. Certainly it possesses a greater 
for hydrogen than for these two elements, and 
ethylene does not combine directly with hydro- 
it does with chlorine, yet this is doubtless due to 
that the hydrogen of the ethylene group coutri- 
s share in attracting the chlorine. It is, then, 
le group that is active, and that acts by the re- 
of all the affinities of its elementary atoms."* 
we may imagine one group united to another 
without being confounded with it. 
alts, then, from this discussion that when it is 
•y to represent the molecular constitution of ccr- 
iplicatcd combinations by starting from the data 
to the atomicity of the elements, we can often 
!t different and equally satisfactory formulae ; and 
lid run the risk of being arbitrary by selecting 
ely one of them without justifying such a choice 
)ns derived from experience. Thus, then, while 
lise in it a new method, I think it should only be 
th prudence. Here, as in all else, abuse does not 
use, and these formulsB of constitution or of 

dea appears to me important, for it serves to explain a cer- 
ber of cases of isomerism. It enables mo especially to 
Dr that which I have rliscovered between the alcohols, pro- 
lalled, and the hydrates of the carburetted hydi-ogens. In 
ohol 

llj ^ 

I atoms of hydrogen are ïn direct connexion with the 
Ye may suppose that in the hydrate of amylene 

II j " 

ith atom of hydrogen in the radical is less strongly held 
corresponding atom of the amyl group OsHjj, and in that 
leveuth atom of hydrogen would be in connexion with the 
ylene group, whose atomicity wonl thus be reduced by a 
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structure, as M. Boutlerow calls them, by which we se 
to express the relations existing between atoms ai 
groups in chemical compounds, are destined to rend 
great service in explanation of the facts of isomensm. 

But there is another consequence of the theory oft) 
atomicity of the elements, and especially of the atomioi 
of carbon. We have long known, and Laurent « 
Gerhardt have dwelt much on these facts, that in orgaii 
compounds the number of atoms of hydrogen is alwa 
even, and that, further, the sum of the atoms of nitrogc 
hydrogen, chlorine, &c., is always an even number. 

How could it be otherwise, since the other cléments 
organic combinations, carbon and oxygen, are of er 
atomicity ? Either can combine only with an even numl 
of atoms of hydrogen, and if nitrogen is also present, 
it is of uneven atomicity, evidently an uneven nnmbei 
atoms of hydrogen, chlorine, or other monatomic e 
ments must unite with nitrogen or with the other 1 
atomic elements so as to saturate the elements of ei 

atomicity. 

In that which precedes we have considered 1 
atomicity of the principal elements of organic co 
pounds, especially that of carbon. But it is evident tl 
the reasoning we have pursued would apply to theot! 
chemical elements, metalloids, and metals. Among 
works which have helped to generalise these ideas 
the atomicity of the elements, we will mention those 

* To pursue this point would lead us beyond the plan wo have 
down for this work. On this snbjoft should bo consulted an imi 
ant article published by M. Kekulé under the title "Confiddei-at 
sur quelques cas d'isomérie," (Aii)iales de Chimie et de PhiffiqMi 
series, vol. Ixvi., pape 481) ; the reraiirks I have published on 
" Isomerism of the Hydrocarbons," {Compter Rendus, vol. Ivi.,'?. j 
an article by M. Boutlerow, untitkd '* Sur l'explication do diver 
d'isoniorie, (BiUlrtin de la Société Chun ique, vol. vi. pjige 100); an 
article by M. F>Icntneyer, headed *' Ilypothbscs «ur risomcric 
niique, ot sur U (Constitution Chinii(iuo (ZeiUchrift fUr Cheuiu 
Pharmacie, vol. vii., p. i). 
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Dr. j^rankland, on the organo-metallic radicals, and the 
researches of MM. Baever and Cahours on the same 
subject. 

In his fourth article on the orf^ano-metallic compounds, 
whose important discovery is owing to him, Dr. Frank- 
land* first compared iodide of stannethylt (SnC^II^)!! 
and stannodiethyl with diniodide of tin : 

Diniodide of tin. Iodide of stannethyL Stanuadiotbyl. 

He observed that stannethyl, Sn (C4H5), like iodide of 
tin SnI,combines with iodine in the same way a? the latter 
to pass to the type of stannic iodide (saturated compound). 
To this type belongs also stannodiethyl, which is in- 
capable of combining with an electro-negative element 
without first losing at least one equivalent of ethyl. 

M. Cahours has generalised these conclusions, and 
«giTen them a clearer form, by insisting upon the fact that 
all compounds containing tin and alcoholic radicals 
arrive at a state of stable molecular equilibrium — that 
is to say, at the state of saturation — only when 2 
equivalents of their tin (Sn = 59) are combined with 
4 equivalents of a radical or of a monobasic element, so 
as to make the general formula of all these combinations 

Sn2X|. 

Here are some examples : — 

SujCl^ == 4 vols. Chloride of tin.} 
Sii2Et4 = 4 vols. Pcrethylide of tin. 
Sn^Mci = 4 vols. Pormethylide of tin. 
SnjËt^Mei = 4 vols. Diethyl-dimethylide of tin. 
SnjMegEt = 4 vols. Trimethyl-ethylide of tin. 

• Proceeding* of the Royal Society^ vol. ix., page 672, Marcli, 1859, 
Mépertoire de Chtmie Pure, vol. 1., page 416. 
t C = 6.8n =59. 

X Annales de Chi mie et de Ph>/siqii€, 3rd series, vol. l.xii., p tsj. 1861. 
§ HO = 2 vols. 
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Sn2Me£t] = 4 yoIb. Methyl-triethylido of tin. 
Sn-^EtgCl = 4 Tola. Chloride of triethylide of tin (chlo- 
ride of sesquistannethyl}. 
Sn2£t,I SB 4 vols. Iodide of triethylide of tin. 
Sii2Me2l2 = 4 vols. Diiodide of dimethylide of tin. 

The smallest quantity of tin that exists in these Tex- 
tile compounds of tin being representetl by Sn2"* iiS, we 
may look upon this quantity as representing the weight 
of one atom of tin. Hence the general formula of all 
these saturated compounds of tin becomes 

^0X4. 

Tin itself, in its saturated compounds, plays the part 
of a tetratomic element. 

I say *' in its saturated compounds," for in those, 
which are not saturated, in the chloride ^nCl^y for 
example, it plays a different part, 'i his point is very 
important, and I will illustrate it by another example- 
from the same class of compounds. It follows from the 
works of M. Baeyer* that the methylated compounds of 
arbcnic, when they are saturated, belong to the type 

AsXj. 

The following arc known : — 

AsMciCl Chloride of tetramethylarsonium. 
AsMc'sClj Dichloride of trimethylarsonium. 
AsMeaCls Trichloride of dimethylarsonium. 
AsMe CI4 Tetrachloride of monomethylarsonium. 

The compound AsCls, which would correspond to the 
perchloride of phosphorus PCI5, has not as yet been 
obtained. In the other compounds which form part of 
this saturated series, the arsenic acts as a pentatomio 
element. But, independent of this series, there exists 
another in which it enters as a triatomic element. 

* Aiinalen der Ckemie und Pharmaeitt vol. cvii, p. 257. 1858. 
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AsMeg Arsentrimethyl. 

AsMe^Cl Monochloride of arsendimethyl. 

AsBieCl) Bichloride of arsenmonomethyl. 

AsCl, Trichloride of arsenic, 
le compoands belonging to this second series are not 
irated. In contact with chlorine the three first absorb 
t its atoms, and are converted into the compounds of 
saturated series AsXj. But it is none the less true 
t in arsentrimethjl or in trichloride of arsenic the 
eoic only exhibits a combining power represented by 
nits, just as the nitrogen in ammonia only exhibits a 
ibioing power represented by 3. And it is also to 
remarked that with respect to chlorine the combining 
ttcity of arsenic is exhausted in the trichloride, as 
h respect to hydrogen it is exhausted in arseniuretted 
drogen. We may conclude from these facts that the 
vnicity of an element can change with the combina- 
D8 into which it enters. And this proposition is suf- 
«ntly important for us to seek to establish it by other 
unples. We have already considered carbon as 
itomic in oxide of carbon and as tetratomic in car- 
lio acid, because it manifests'**' a combining power 
lal to two units in the former, and to four units in the 
ter. 

Nitrogen seems to us diatomic in binoxide of nitrogen, 
atomic in ammonia, pentatoiaic in sal-ammoniac — 

N^-(II4C1) 

Phosphorus is triatomic in phosphuretted hydrogen 
I in protochloride of phosphorus, pentatomic in the 
Kihloride. 

P'"H3 

P^Cla 

* I say " manifests," not i>osaesseg. 
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Iodine is monoatomic in monochloride of iodine, tri- 
atomic in perchloride. 

ICI 

rcHs 

Lead is diatomic in the dichloride, tetratranic in the 
tetrcthylide or in the tetramethjlide. 

We also know by the law of multiple proportione 
that the combining capacity of the elements is satisfied 
by degrees, until it arrives at a maximum which it doee 
not exceed. This maximum combining capacity repre- 
sents, according to some authors, the atomicity ; it is in- 
Tariable for each element, for it is shown by the limit of 
saturation. But for me the word atomicity has a more 
extended meaning, which I will define. I will endeaTonr 
to specify the part w^hich each element plays in any 
given combination to give to it its actual combining 
power, and not that which it might assume in another 
compound. Can we say, absolutely, that nitrogen is a 
triatomic element? Then we do not account for its 
position in sal-ammoniac, where the sum of the elements 
combined with it represents 5 units of chemical foree^ 
Can we say the tin is tetratomic because it can combine 
with 4 atoms of chlorine ? Then we do not consider its 
value of combination or substitution in the stannous eom- 
pounds, where it represents only 2 units of combination 
(^nCl2 = stannous chloride). Shall we say, as a final 
instance, that iron is hexatomic or tetratromie or tri- 
atomic ?* 

We do not consider its part in the ferrous compoonds 
where it equals 2 atoms of hydrogen or chlorine 

(FeCl2 = ferrous chloride). 

* Feci a = Ferric chloride. 
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trae meaning that we attribute to the word 
nty will now be apparent. This word expresses 
erir^tea/and absolute combining capacity of an ele- 
)r group, than the flc^wa/ combining capacity which 
esses in a given compound, and which may vary in 
somponnds.* 

I on this head I will point out that the word 
ty of combination does not seem to me the cor- 
rm ; for it implies the idea of a latent force. I 
ben define atomicity considered in the elements as 
niivalence of the atoms — that is to say, their value 
hination or of substitution. This value may change 
18 and the same element, according to the combi- 
s into which it enters. Nitrogen can unite with 
18 of hydrogen, it can replace 3 atoms of hydrogen 
reat number of organic compounds, but it can also 
ne with 4 atoms of hydrogen + i atom of chlorine, 
hen at once triatomic and pen tatomic, according to 

la evident that there are hero two ideas, each of which is im- 
, and which must not be confused. The maximum combining 
of an element, that which it possesses in rejility, and which 
» in its saturated comiMunds, must "ixi distinguished from the 
ing value or value of substitution which it sho ws in a given 
ind. The first is measured by the sum of the units of che- 
orce that exist in the element, the second by the sum of the 
•f chemical force that it shows in a compound saturated or 
urated. The maximum combining power is invaiiable; the 
f substitution may change. If we call the former atomic 
r aXomicity we must find a term corros[)onding to the latter, as 
liian word JEquiralentigknt corresponds to Atoviivjkeit. I do not 
ike to find a word to express this i<ica of '* e(iui valent power <>f 
ms" which shall at the same time bo French, and I do not care 
:e one which should not. In face of this diflBoulty I thought 

to apply the word atomicity to this wider idea, as ancient as 
mic theory— namely, this capacity of variable combination of 
ly with another which is exhiiusted by degrees, as is shown by 

of Dalton. The absolute or maximum atomicity, which some 
J call atomicity, appears thus as a particular instance of the 
3f combination exerted by bodies ; it is the complete manifes- 
of it. It is likewise plain that this is merely a question of 
; the ideas are clearly separate from each other. 
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the combinations into which it enters. Similarly, low 
can unite with i atom of hydrogen, or replace i atona» 
hydrogen (-e-aHg and G^HJ), but it can also eomWi» 
with 3 atoms of chlorine and replace 3 atoms of ^y 
drogen.* 

It seoins to me useless to insist upon this point; I 
simply wish to point out in conclusion that theelementi 
act, in this reHpect, like groups or compound radicali 
themselves. We know, in fact, that the group Gfi^ ii 
sometimes monoatomic and sometimes triatomic. All 
admit that it is so. If, then, the atomicity of groupSt 
which depends upon that of the elements may vary, we 
must ulso admit that the latter may likewise Tary. 

JVfeaAare of tbe Atomlcitj. — Nothing 18 mON 
simple than to determine the atomicity of an element 
when it is in combination with another element known 
to be monatomic — such as hydrogen or chlorine. The 
atomicity of this clement in a given compound is ex- 
pressed by the sum of the monatomic elements which 
are combined with it. It is evident, likewise, that the 
compound groups which equal one monatomic element 
may similarly give the measure of the atomicity. It is 
thus with the alcoholic radicals ethyl (Et), methyl (Me), 
which have already served to fix the atomicity of tin 
and arsenic. 

Again, it is sufficient to glance at the table on pages 
100 and 1 01 to understand how the atomicity of an 

* M. SchUtzonbcrgor has described (Comptet Betidus, vol. liv., 
page ioz6) a combination containing 






in which the triatomic iodine of the chloride CI 3 1, by replacing} 
atoms of the hydrogen of 3 molecules of acetic acid 

L h1**j 

joins together the remainders of these 3 molecules. 



■ ••!.. 



MBA8I7BE OP ATOMICITY. 187 

lent is determined by the number of monatomic 
lents with which it can combine, 
milarly the measure of the atomicity is free from 
iulty in the case of the combination of a simple body 
a single polyatomic element. In oxide of carbon, 
m only displays 2 affinities, since it is joined to a 
9 atom of diatomic oxygen. We express this by 
ig that it is diatomic in oxide of carbon. But 
I several atoms of oxygen O or of another poly- 
Ic element enter into combination with another 
e body, it may not be correct to expref^ the 
city of the latter by the sum of the affinities 
ng in the atoms of oxygen. In fact, two cases 
lere be met with. Either all the affinities of the 
m are saturated by those of the other element ; 
bus it is with carbonic, silicic, phosphoric, boracic, 
ic acids, &c. 



€»^ 0"2 P 

Ki^O'a PM ^ 5 



\]^\ 



fy^ ^ 2 Bo'" j 3 

îe the atoms of oxygen partially saturate each 
forming, so to say, a chain at the extremities of 
other elements join on. Can we say that chlorine 
atomic in anhydrous perchloric acid ? 

CI j ^7. 

t is tetratomic in hyd rated perchloric acid ? 



CI 
H 



}o,. 



no means. In these compounds the atoms of 
I join on to each other, each losing one affinity by 
on with each of its neighbours, so that the last 
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alone preserve one affinity free, which is satisfied either 
by the hydrogen or by the chlorine. 

/ II H II II II ti II é 

ci-e-o. e-o-A-o-o-ci 

Anhydrous perchloric acid. 

These remarks also apply to the metals ; the atomicity 
of the latter is not always measured by the sum of the 
affinities existing in the polyatomic elements combined 
with them. Thus, in the peroxides which contain 
a atoms of oxygen, the metals should not necessarily 
be considered as tetratomic ; they may be diatomic, for 
the 2 atoms of oxygen joined together only leave free 
2 affinities, which arc satisfied by the diatomic metal. 
We may suppose that in these compounds the atoms are 
symmetriealiy arranged round a centre. 

The instability even of these peroxides, the &cility 
with which they lose an atom of oxygen, the manner 
in which they behave with hydrgchloric acid, are all 
characteristic traits which distinguish them from other 
oxides containing, like them, 2 atoms of oxygen, but in 
which all the affinities of the oxygen are saturated by a 
tetratomic metal. On this account stannio acid evi- 
dently belongs to a different typo to peroxide of man- 
ganese, and these differences are perfectly expressed by 
the formulae 

(Mne)"G SnGg. 

Similarly we should not say that manganese is necee- 
sarily hexatomic in manganic acid, 

MnOg, 

or that iron is necessarily tetratomic in pyrites, 

Iron may be tetratomic in pyrites, but this is not 
certain ; for the tetrachloride 

FeCl4 
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corresponding to pyrites has not yet been discovered, 
and the faculty which iron possesses of combining wit]^ 
a atoms of sulphur does not give a certain measure of 
the combining power which it displays in pyrites, since 
the two atoms of sulphur may be joined together. Each 
of them thus losing an unit of chemical force, we may 
imagine that the group 

might saturate 

Fe" 

in pyrites, or else that the group 

[Fe", W'Y 
might combine with W, 

These examples, which might easily be multiplied, 
are such as to show that the atomicity which a simple 
body possesses in certain compounds is only measured 
exactly by the number of monatomic elements or groups 
which are combined with a single atom of this simple 
body. 

In this way there would be no doubt about the atomi- 
city of iron in the ferric compounds, since we know, by 
the classic experiments of MM. Deville and Troost, that 
two volumes of this chloride contain six volumes of chlo- 
rine. Therefore, one molecule of ferric chloride contains 
nk atoms of chlorine, and the smallest quantity of iron 
that exists in the ferric chloride, and, generally, in any 
ferric compound is represented by 112. Iron, then, seems 
to be hexatomic in the ferric compounds, or rather, 
ferricam seems to be hexatomic. This conclusion, which 
results from the density of the vapour of ferric chloride, 
is strengthened by considerations arising from the che- 
mical constitution of certain ferric compounds, and the 
beautiful researches of M. Scheurer-Kestner have, on this 
point, led to very significant results.* 

* Comptes RendiUi voL liii., p. 653. 
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Among other compounds, this chemist described 
^tonitrates of iron belonijing to the tjpe — 

and in which, He being replaced by ferricum, a s 
atom of hydrogen is replaced by nitrous gas, an e\ 
proof that the molecules of these compounds canno 
sent a complication less than that expressed by it 
lowing formulas : — 

Normal 
Type. ferric 

hydrate. 

Ffe" \ Ffe^ \ 

(Ne.,)' ( ^6 +4^-i^ (XOg)' ^6 ^ ^^2 

H/ hJ 

Tetracetouitrate of iron. Triacetonitrate of iron 

The sign Ffe represents in these formulae 112 o 
or, if preferred, an atom of ferricum, an atom of tei 
( = 56) being represented by the symbol — 

Pe. 
Ferricum, then, is formed by the union of two at 
ferrosum, and in the preceding formulée we may 

the sign — 

Fe^* by the sign Fe^'g- 
But here there is a difficulty. How can two a 
diatomic ferrosum form, by uniting, a hexatomic 

Fe2? 
M. Friedel has removed this difficulty in a ver 
nious manner, by considering each of these atoms 
diatomic, but as tetratomic* It may be admitt 
iron is tetratomicf in pyrites J — 

Fe^2- 

• Bulletin de la Société Chimique, vol. v. p. 102. 

t With the reservations expressed ([). 139), since the tetn 
FeCU, is not known. 

X See also an article by M. Erlenmeyer, Zevtschrift fur CI 
Phanmcie^ vol. v., p. 87 and 129. 
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^t tben, we rappose that two atoms of tetratomic iron 
lite by exchanging an affinity, this couple Fe.^, which 
u thofi lost two affinities, should be hezatomic. It is 
this case with iron as with carbon in the compounds 
'Qtaining €2, and this ferric chloride may be compared 
the perchloride of carbon — 

Ferric chl^'riiio. Chl(»riMo of ciirbon. 

8 long as these two atoms of iron remain united, they 
reserve their combining power, which is equal to six 
ûts. They preterve it in all the ferric compound», and, 
hen they are again separated, the ferric combination is 
ereby destroyed, as an organic combination containing 
iitoms of carbon is destroyed when these 2 atoms are 
parated from each other. The couple 

ferricum. It is a true double atom, which acts as a 
dieal in the ferric compounds. It is plain that this 
?a is fundamentally the Hame as that above given, and 
pressed by the symbol Ffe. There is only a difference 
the form, in the notation, but this is not unimportant, 
cause, being based upon analogies furnished by organic 
emistry,* it accounts for the hexatomicity of ferricum.f 
It must, however, be admitted that this idea, when 
plied to aluminium, becomes slightly arbitrary, since 

Here is one of these analogies ; the all^-le group CII» i« mf>n- 
Diic and triatomio. Wht-u two tri;itomic ullylo groups unite, we 
«in a tetratomic group. Free ullyle combines with 4 atoms of 
imiue, 

Br, I L^allJ Whf'* 

Tribromide of allyle. Ally le. Tetrabromide of diallylc. 
There are several ways of regarding the radical of the feriic com- 
latious. Gorhardt admitted 1 equivalents for iron, roj)resonted by 

xxui^ ^ He represented these two equivalents by the signs Fe 

i fe, and the corresponding oxides by the formula) FeoO ^^^ fCoG. 
is idea is perfectly correct, and applicable to the conetniction of 
livalent formulée. 
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we are forced to admit in the aluminic compouDds, which 
are isomorphous with the ferric compounds, the coaple 
Al^o =i 54, which would he formed of x atoms of tetra- 
tomic aluminium. Now we know of no compound of 
aluminium corresponding either to pyrites or to the fer^ 
rous compounds ; but since this is merely a question of 
notation, we may disregard it. The fundamental part 
is ascertained. The quantity of iron that exists in a 
molecule of any ferric compound is never less than 112; 
the quantity of aluminium that exists in any aluminic 
compound is never less than 54. These quantities equal 
6 atoms of hydrogen. The densities of the vapour of 
the chlorides of iron and aluminium are conclusive on 
this point, and in no case oU|{ht iron or aluminium to be 
considered as triatomic. 

If this were so, the chlorides of these metals should 
contain 3 atoms of chlorine, and we should have — 

FeCl3 = 2 volumes. 
AlCl3 = 2 volumes. 

While we know that these formulée onght to be 
doubled. 

But if we examine the quantity of iron which exists in a molecnie 
of a ferric comjonnd, we find that this quantity ia equal to ill, aud 
we can now admit one of two things — either this matter représenta» 
particular aggiegation of the matter of iron, one hexatomio atom; or 
elae it i-epreaeuts tiro atoms of tetratomic iron. In this second bypo- 
thesis iron possesses in all its combinations only one atomic weight 
= 56, which coincide»» with that deduced from the specific heat. But 
the substitution value of the atom of iron may change ; it is some* 
times diatomic and sometimes tetmtomic, and we c^m name as feni- 
cum a c(»u[)lc of two atoms of totriitomic iron. Such a couple acts as 
a hexatomio radical. 1 liavo adopted tliis hypothesis, which seems 
the simplest. I will, however, mention one very remsirkable fact, 
which seems to prove that such couples sometisues act as true atoms. 
H. Rose has pioved that the combinations of hyponiobium which con- 
tain 1 atoms of niobium, Nb**2, cannot be directly transformed into 
combinations of niobium, which circumstance has led him to admit 
that these two sorts of compounds coutain two radicals which differ 
from each other in their allotropie state. 
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These considerations may be applied to cuprosum and 
to niercurosum. In the cuprous and mercurous salts two 
atoms of diatomic copper or mercury are joined together. 
As each of them loses an affinity by uniting with its 
neighbour, it follows that the couples — 

Guo Iïg2 
are diatomic. The cuprous and mercurous chlorides are 
then represented by the formulœ — 

GugCl^ and IfggCla. 

In truth the latter would seem to be invalidated by the 
density of the vapour of calomel, which is only half the 
theoretical density deduced from the formula Hg2Cl2. 
But we may reasonably suppose that this is a case of dis- 
sociation ; for we know how readily the mercurous com- 
pounds resolve themselves into mercury and mercuric 
compounds.* 

It must be added that the formula Qm^^ of cuprous 
sulphide harmonises with the well known fact of the 
isomorphism of this sulphide with sulphide of silver — 

Such are the considerations which we would offer upon 
the atomicity of the elements. It is a theory of yester- 
day, whose consequences are daily being developed. And 
yet the fundamental idea on which this theory is based 
is as ancient as the atomic theory itself; it is the law of 
multiple proportions. It rests upon this fact, that the 
combining power of one element for another is ex- 
hausted by degrees until it reaches a maximum which it 
does not exceed. 

But it is far from this scarcely defined idea to the 
general theory of saturation, so important on account of 

• The density of the vapour of calomel = 8 "35. It leads to the 
formula— 

IlgCl. 

The density of the vapour ctvlcnlated according to the formula — 

Hg2Cl2= 16-308. 



144 TRUE MOLECCLAR FORMULE. 

the consequences which flow from it concerning; the 
molecular constitution of bodies. We must also remark 
that the old statement of the law of multiple proportions 
did not always give the true molecular formulae. I will 
give an instance of this in conclusion. 

Let us take the best known example, and represent, 
according to Berzelius, the composition of the com- 
pounds of oxygen and nitrogen. We have the following 
series : — 

NjO = 2 vol. protoxide of nitrogen 
X^iOg = 4 vol. biuoxide of nitrogen 
^2^3= »♦ nitrous acid 
y^O^sf ,, hyponitric acid 
^^0^= „ nitric acid. 
These formulae show well that the combining power 
or the affinity of the nitrogen for the oxygen is ex- 
hausted by degrees. But tliey do not represent quan- 
tities which are comparable; they give inexact ideas 
about the relative sizes of the molecules. The true mole- 
cular formula) of the compounds of oxygen and nitrogen 
are the following, which are referred to the same 
volume : — 

NoO =» 2 vol. protoxide of nitrogen 
N G = „ binoxide of nitrogen 
N.j03= „ nitrous acid 
N 02= „ hyponitric acid 
N^O^^ ,, anhydrous nitric acid. 
In this series the molecular complication of the diffe- 
rent compounds is in accordance with their density. The 
protoxide, denser than the binoxide, shows a greater 
molecular complication. And this fact harmonises with 
other physical properties of the two gases. The former 
is condensable, the latter is permanent ; which circum- 
stance it would be difficult to explain if the binoxide were 
a gas of greater molecular complication than the pro- 
toxide. 



PART III. 

CONNEXION BETWEEN ORGANIC AND 
INORGANIC CHEMISTRY. 

Section I. 
Atomicity as a means of Classificatim, 

\ reasoning which we have applied to atomicity esta- 
lies a solid relationship hetween organic and inorganic 
nistrv. Struck with the fact that the atoms of carbon, 
rogen, and oxygen could be heaped up in organic 
pounds so as to form verj complex molecules, che- 
ts were of opinion that this peculiarity impressed a 
dal stamp upon the combinations of carbon. But it is 
80, and it is easy to show that the property in ques- 
: is displayed in other polyatomic elements. This 
mnts for the complication of the combinations of 
dam, which may be compared, on this point, to the 
ibinations of carbon. Why, then, is the chemistry of 
dam so different from that of carbon ? It arises from 
)e two circumstances — that, on the one hand, silicium 
QS with oxygen a fixed compound ; and, on the other 
d, that its affinity for hydrogen seems to be exhausted 
I single combination, which cannot exist in presence 
Ir, since it is spontaneously inflammable. 

L 
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Without carbides of hydrogen there y^oM be no 
organie chemistry ; and if there existed silicidcs of hydrih 
gen corresponding to the carbides, it is clear that the 
bodies derived from these siiicides might be very name- 
rous. But it is none the less true that the natural silir 
cates often show great molecular complication, and my 
be compared, in this respect, to the organic compoandi 
of carbon. And the reasou of such a molecular compli- 
cation is contained, a» we will show, in the polyatomic 
nature of silicium and of certain of the metals which are 
united with this element in the silicates. Our investi- 
gations upon atomicity establish, between compoandi 
otherwise very unlike in nature and properties, con- 
nexions in constitution or molecular structure which it 
is desirable to point out. They allow of convenient 
grouping together, and furnish, both for inorganic and 
organic chemistry, elements of classification that it would 
in future be impossible to neglect. Our task shall be fIl^ 
ther to devclope these points. 

A celebrated chemist has said* : — " Organic chemistry 
is the chemistry of the compound radicals." We knoir 
now that such radicals do not belong exclusively to 
organic combinations ; but, as regards their power of 
combination, we know that they act as elements. We 
have then the right to compare, with respect to their 
atomicity, the radicals of organic chemistry, not only to 
the compound radicals but also to the simple elements of 
inorganic chemistry. As in organic chemistry we find 
monatomic, diatomic, triatomic radicals. Sec, so also in 
inorganic chemistry we find radicals and elements o^ 
different atomicity, and it is evident that inorganic and 
organic combinations containing radicals or elements of 
the same atomicity should present a certain analogy ot 
structure, which might show itself by a certain analog 

• Licbig, " Traité de Chimie Organique," toI. i, p. i. 
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teir reactions. For simple as well as for compoand 
es their atomicity is the principal means of classifi- 
m. The natural families of metalloids established by 
himas* «re groups of simple bodies of equal atomi- 

Triatomic and 
I)entatomic. 

Nitrogen. 
Phosphorus. 
Arsenic. 
Antimony. 

milar groups might be formed among the metals, and 

classifications are much better founded than the 

cial relationships established between the metals by 

degree of affinity for oxygen. 

must be allowed that, in a large number of cases, 

ilassification formerly adopted by Thenard breaks 

latnral connexions established between the metals 

le general composition of their combinations. It is 

^ for example, with silver, which is monatomic, and 

ih should be placed along with the alkaline metals. 

le following is this very natural group of mon- 

lie metals : — 

Hydrogen, 



Rubidium. 

Caesium. 

Potassium. 

Sodium. 

Lithium. 

Silver. 

Thallium. 
îad should be classed with the diatomic metals 
im, strontium, calcium. To this group would be 
tunas, ** Traité de Chimie appliquée aux Arts" vol. L, p. Ixxvii. 
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joined the diatomic metals isomorphous with the magne- 
sian series, magnesium, manganese, iron, zinc, &c. The 
tetratomic metals form a very natural group. It is con- 
yen ient to place them after silicium. We have thus the 

following family : — 

Carbon. 

Silicium. 



Zirconium. 
Titanium. 
Tin. 
Tantalum. 



Niobium. 

But it must be added that in this attempt at clasôfi- 
cation, as in all attempts of this character, difificnltiesare 
encountered arising from the circumstance that among 
the metals, even more than among the metalloids, eaeh 
element bears the impress of a strongly marked individu- 
ality. It shows certain points of contact with its neigh- 
bours with regard to some combinations, but seldom t 
complete analogy in every combination. I'hus thallium, 
which in some points resembles the alkaline metak» 
differs from them in the property it possesses of forming 
a sesquichloride and a terchloride. Iron, which, when 
considered in the ferrous combinations, resembles man- 
ganese and zinc, should be classed with aluminium when 
it is considered in the ferric combinations. Copperi 
which shows a point of contact with the magnesian series 
in the cupric combinations, also, to a certain point, re- 
sembles mercury. The general composition of the cuprous 
and mercurous, cupric and mercuric oxides and chlorides 
is the same. 

If from simple we pass to compound bodies, we shall 
see that the notion of atomicity allows us to establish 
very curious, and often very unexpected, relationshipi 
between certain inorganic and organic compounds. 
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tOxidu, Hydrates, 



a first take the oxides sod the hjdrates. We 

that BerzeliuB likened the oxidised bodies of 

chemistry to the inorganic oxides and acids, 

e looked upao acetic acid as tbe teroxide of an acetjle 

I radical (CjH, in his notatiots), and compared it to su!- 

pliuric acid. 

(C4K„).0^ Acetic acid. 
S.Oj Sulphuric acid. 

i.'omparing ether to oside of potassium, he called 'it 
oxide of ethyl, and this name has remained to i[, for the 
comparison was very reasonable. It has, in fact, been 
j'ound that ether can enter into direct combination, nith 
the acids. Dr. WetheriU, in 1848, obtained sulphate of 
ïthyl (sulphatio ether) by directly combining oxide of 
ethyl with anhydrous sulphuric acid. Afterwards 
M. BerChelot prepared other compound efhers by com- 
bining ether directly with the acids. 

Thus oxide of ethyl and its homologues were foand 
to resemble oxides not merely by the symbolic represen- 
tation of their composition, but also by a certain analogy 
of properties. Bot it must be owned that ihis analogy 
was not of a very striking nature, the affinities of oxide 
nt ethyl being Tcry far from equalling those of the 
nirieral oxides. This ia not the case with the oxide of 
I :liylene, whose reactions are much more energetic, and 
which is able to enter into direct combination, not only 
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with the acids, bat also with water and ammonia, lib 
certain metallic oxides. Oxide of ethylene 

contains the diatomic radical ethylene^ and we ean com- 
pare it to the oxides formed by the diatomic metak 
We are thus led to establish the followiBg parallel 
between the oxides of inorganic and those of organic 

chemistry : — 



e 



Monatomic 
oxides. 

Oxide cf potas- 
sium. 

Oxide of sodium. 

Oxide of silver. 






Diatomic oxides. 

Oxide of 
calcium. 

Oxide of zinc. 

Oxide of copper. 

Oxide of ethy- 
lene. 

(e,H,)"e 

Oxide of propy- 
lene. 

(e5H,„)'e 



Tiiatomia 
oxides. 

Sb'" 1 ^3 
Oxide of anti- 
mony. 

Bi'" j ^» 
Oxi<4e of bis- 
muth. 



I'" 



(G3H,) 

Oxide of 
glyceryle. 



0, 



Tetratomie 
oxides. 

Oxide of dr- 
ccmium. 

»n»'e. 
Stannic acid. 

Çi»'e, 
Titanic acid. 

Nb'^Oj 
Kiobic addL 

Tactalic add 



(O-^Hg)' ^ r\ lone. 

(e,H,)' ] « 

Oxide of ethyl. 

(G:,H,)' J ^ 
Oxide of allyl . 

Thus, as we hare above remarked, oxide of ethylene 
combines directly with water to form glycol or hydrate 
of oxide of ethylene. This reaction is similar to the 
direct hydration of lime, and leads us to compare glycol 
to hydrated lime. 

Oxide of ethylene. Hydrate of ethylene. 
€ae-hH20 = Ga'M Q 
H2 / * 
Oxide of calcium. Hydrate of calcium. 

Alcohol itself has long been compared to hydrate êi 
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potassÎKm, although no one has yet succeeded in obtain- 
ing it by directly combining the elements of water with 
Dside of ethyl. But the resemblance in question is 
foaaded on the analogy of the reactions which acids 
exercise both upon hydrate of potassium and upon 
doohol or hydrate of ethyl. Here are some examples 
of these reactions : — 



e 



K 

H. 

Hydrate of 
potassium. 

Sydrate of ethyl. 

Hydrate of 
potassium. 



Na 



Nitric acid. 



H 



^1 
H/ 



e 



e 



Nitrate of potassium. 



^«H. 



e 



N02 
H , 

Nitric acid. 

cij 

Hydrochloric 
acid. 

Clf 



e « 



H 



Hj 

H 
H 



}e 






H 
H 



) 







Hy<h:tiAe of ethyl. Hydrochloric 

acid. 



Nitrate of ethyL 

^Chloride of 
. ' potassium. 

^ CI J 

Chloride of ethyL 



The same relations exist between the inorganic and 
the organic hydrates which contain polyatomic radicals. 
We may therefore establish the following parallel :— 



Monatomio 
hydrates. 

Hydrate 
of potassium. 

Hydrate of ethyl. 



Diatomic 
hydrates. 

Mg" 
Ho 



e. 



Triatoraic 
hydrates. 

Bi'" 1 Q 



Hydrate of magnesium 
(brucite). 



(e»H,)" 






e 



(G3H,)' 

H, 



Tetratomio hydrates. 

Stannic hydrate. 
Etytbrite. 



Hydrate of ethylene 
(glycol) 



Hydrate of 
bismuth. 

}03 

HydrAte of glyceryl 
^glycerine). 
Hexatomic hydrates. 



BL 



) 



'^9 



Ferric hydrate. 
Mannite. 
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Ethers may be compared to salts. This is evident 
from their mode of formation, as shown by the pre- 
ceding equations. It is also proved by certain of their 
reactions. Thus the action of potash upon ethers may 
be compared to the action of potash npon salts. When 
ethers composed of alcohol, glycol, or glycerine are 
treated with potash, the corresponding hydrates are set 
free, as hydrate of copper is set free when potash acts 
upon a salt of copper. And further, MM. Friedel and 
Crafts have recently proved that an alcohol, when heated 
with an ether of another alcohol, sets free a certain 
quantity of the latter, as potash sets free hydrate of 
copper in a solution of the sulphate. I do not think it 
advisable to insist upon those analogies which are not 
evident and recognised by all chemists. I merely wish 
to compare some ethers of glycol to certain salts. 

We may form ethers of glycol by combining directly 
oxide of ethylene with acids. Thus, by the action of 
acetic acid upon oxide of ethylene, we may easily obtain 
two ethers, which are formed by virtue of the follow- 
ing reactions :— 

Oxide of ethylene. Acetic acid. Monacetic glycoL 

Oxide of Acetic acid. Diacetic glycdL 

ethylene. 

These reactions correspond in all points to those of 
acetic acid upon oxide of lead or oxide of copper — 

H ) 

Oxide of lead. Acetic acid. Bibasic acetate of lettd. 

Pb9 + 2[^'^'H}e] = ^^^'^fl]e.+-Efi 

Oxide of lead. Acetic acid. Neutral acetate of kftd. 
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Certain basic nitrates have a simUar composition — 

Pb") 

Basic nitrate of lead of M. Pelouze. 
NO, 5 83 

h) 

Mercurous mononitrate (colourless soluble rhomboidal prisms : 

Gerhanlt). 

Bi'" ) 
NO, 03 
H,) 

Soluble subiiitrato of bismuth. 

The neutral acetates of lead and of copper correspond 
to the ethylenic diacetate ; the bibasic acetates of lead 
and of copper correspond to the ethylenic menace tate — 

(cXk ®2» (^2H5e) 02 + aq* (G,H30) 0^ + aq. f 

£!thylenio mon- Plumbic monacetate. Cupric monacetate. 
acetate. 

(€ofi30)2P2' (G2H30)2 ) ^^ ■" 3^^' (O.H30) )^2 + aq. 
Bthylenio diacetate. Plumbic diacetate. Capric diacetate. 

MM. Maxwell Simpson and Lourenço have described 
some mixed ethylenic ethers which contain 2 radicals of 
different acids, each of these radicals replacing i atom 
of the hydrogen in hydrate of ethylene (glycol). Thus 
there exists an ethylenic acetobutyrate, and this ether 
may be compared to the barium and strontium aceto- 
nitrates which have been described by M. C. de Hauer.î 

H2 ) ^2» H2 I ^2» H2 1 ^2- 

Ethylenic hydrate. Strontium hydrate. Barium hydrate. 

♦ AqcsHjO, formula in equivalents = C^H303,2PbP + 
3HO. 
f Formula in equivalents = CiHsOa.iCuO+jHO. 
X JounuU/UrpraktischeChemief vol. Ixxv., p. 431. 
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r^^HgO)' e^. (O2H3O)' (o^HsO)' 02. 

Ethylenic Strontium Barium 

acetobutyrate. acetonitrate. acetonitrate. 

We must here remark that the existence of the 
strontium and barium acetonitrates supplies an argument 
in favour of the diatomicity of strontium and barium of 
the same value as that which Liebig has drawn from the 
existence of Kochelle salt in favour of the bibasicity of 
tartaric acid. We know that the composition of tar- 
taric acid was formerly represented by the formula 
C4H205,HO, and that it was considered as monobasic. 
M. Liebig was the first who proposed to double this for- 
mula and to consider tartaric acid as containing 2 equi- 
valents of basic water.* 

In cream of tartar, said he, a single equivalent of 
water is replaced by potash. In Kochelle salt the first 
is replaced by potash, the second by soda. 

C8H4O10 I ^Q 



Tartaric acid. 

KO 
KO 

Acid tartrate of potash. 



CgH^Oio I 



Anhydruus Rochelle salt. 

Thus the existence of the acid tartrates and of the 
bibasic tartrates led M. Liebig to double the molecular 
weight and the formula of tartaric acid. In the same 
way the existence of salts of strontium and bariam 
with two acids may cause the atomic weights of stron- 
tium and barium to be doubled. 

* Annalen der Chemie und Pharmacie^ voL xxvi, p. 154. 
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SECTION III. 

Combination of Multiple Radicals^ 

In the preceding pages we have called attention to the 
property possessed by radicals and polyatomic elements 
of uniting -with each other and becoming accumulated 
in one and the same combination. This property ex- 
plains the constitution of a great number of compounds, 
and reveals a certain analogy of structure, and, as it 
were, a family likeness, between very many groups of 
bodies.* 

* We have already shown how the adorns of oxy^^en are united 
together in i)erchloric acid (page i ^ 7). The number of them united 
together may bo more or le^>s gieut, thus t'ormhig with chlorine and 
bydrc^n the whole scries of the hydnited acids of ciilorine. This 
aeries, as Laurent tirst showed, may bo considered as formed, to some 
extent, by the oxidation of hydrochloric acid in the same way that 
the series of the phosphorus acidn may be looked upon as resulting 
firom the oxidation of phosphoretted hydrogen — 

CIH Hydrochloric acid PH3 Phosphuretted hy- 

CIH6 Hypochlorous acid drogen 

ClHOa Chlorous acid PHgG Unknown 

CIH93 Chloric acid PHgO^ Hypophosp horous 

CIHO^ Perchloric acid acid 

PHgGg Phosphorous acid 
PH3O4 Phosphoric acid 
Dr. Odliug, who has investigated this subject, has, in fact, shown the 
formation of hyx)ochlorous acid by submitting hydrochloric acid to 
the action of oxygen imder the influence of platinum black. 
Anal<^us series exi«t in organic chemistry— 

G3H4 Ethylene Q■^\\Q 

QJELfi Oxide of ethy- G^IIgG Hydride of benzoyl 

lene (aldehyde) 
"6-2H402 Acetic acid CyHgGa Benzoic acid (salic) 

■G-2H403 Glycolic acid CyHgOg Salicylic acid 

•G-jH^O^pJGlyoxylic acid CyHgO^ Carbohydroqui- 

nonic acid 
^yHeGj Gallic acid 
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Let US taKe as examples those ethylenio compoands 
which we have just considered. The ethylene radicals 
possess the property of accumulating themselves in the 
polyethylenic alcohols, so as to form compounds belong- 
ing to more and more complicated types. 

Type. Type. Type. 

H \ ^ 



H,..„ 



(C,HJ 







^2 ' H J 

Ethylenic alcohol. Dicthylenic alcohol. Triethyleuic alcohoL 

In inorganic chemistry, there exist hydrates which may 
be compared to the polyethylenic alcohols. According 
to the analyses of MM. Mitscherlich, Payen, and 
Mulder, plumbic hydrate — a well-defined and crystal- 
lised body — contains 3PbO,H.O, which composition is ex- 
pressed in our notation by the formula — 



e^. 



In this compound the diatomic atoms of lead and 
oxygen form a chain, to the extremities of which is 
attached the monatomic hydrogen ; and it may be sap- 
posed that the atoms of oxygen are inserted between 
the atoms of lead, as wo may admit that they are 
between the ethylene groups in the polyethylenic 
alcohols. (Page 123.) 

The normal stannic hydrate contains — 

Sri'' \ G 

* By losing Ha© it is converted into another hydrate — 
or rather into a first anhydride — 
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which is stannic acid dried in vacuo, analysed by M. 
Fremy. The composition of the stannates is represented 
by the formula — 

According to M. Fremy, metastannic acid contains in 
its molecule 5 atoms of tin. When it has been dried at 
100® its composition is expressed by the formula — 

The metast annates, which contain, according to M. 

Fremy, 

5Sn«' I 



if:")».. 



R 



hJ«.' 



correspond to this latter hydrate. 

Silicium, tetratomic like tin, possesses also, like it, the 
property of becoming accumulated in those combinations 
"which I have called polysilicic^^ and which form a very 
large number of the complex silicates. The following 
may be considered the mode of generation of these 
compounds : — 

Anhydrous silicic acid contains SiOj. Its hydrate is — • 

By losing H^0, it gives a first anhydride — 



Si'' 



H J ^3 

But several molecules of silicic hydrate can unite and 
form, by losing water, a series of anhydrides inter- 
mediate in composition between the normal hydrated 
silicic acid and anhydrous silicic acid. We thus obtain 

* Répertoire de Chimie pure^ vol. iL, p. 464. 
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series of poljsilicic acids in which, hydrogen may ^ 
replaced, completely or partially, by metals. The* 
series are the following^: — 

P0LY8ILICIC COMPOUNDS. 

!.)»• S)".- &„)«.. I';. jo., a.)»- 

* The following considerations will show that all these polyailicfo 
hydrates cannot exist in a free state. The first hydrate — 

can exist ; tetratomic silicium can, in fact, unite with four monatomie 
groups (H9)'. But. in the hydrates which contain several atoms 
of siliciuiu, pift of the affiuities of the silicium and the oxygen must 
be employed to join these atoms together, without wliich the mole- 
cular edifice would fall to pieces. The most probable supposition ii 
to admit that the atoms of silicium are joined to each other by the 
atoms of oxygen. Now, to join n atoms of silicium, there must be 
n — I atoms of oxygen. The latter deprive the silicium of z(n — i) 
affinities ; and if we subtract 2(n — i) from the sum of the affinities 
residing in n atoms of silicium (that is to say, fr >m 4n), the diffe- 
reuce-4n — 2(71 — i)=z(n+i) will express the affinities remaining in 
the chiin of n atoms of silicium united by n— i atoms of oxygen. 
The silicic hydrate, which is the richest in hydrogen, is therefore— 

Si^ + 0(n_l) + (HO) 2(M+ 1) 

If we m like »=;, the trisilicic hydrate contaiuing the greatest axnouut 
of hydrogon will be — 

he following formula expresses the mutual relations existing between 
he atoms of such a hydrate :— 

Si-(H^)3 
Q- 

Si-(H0)2 

I 
9 

Si«(Tie)3 

Sj". §:!»■ S:.)».. S;,!».. Sije. 

§4 ) r^ -^13 ) Û ^i^ i Ç. 
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«U ^^\g- ^^\e *'« le *« le 

<G,H^,P* hJ^» H,r<> H,„Pi' H„/**w 
Tetrethylio ^^^."^^0?' *'» W *«le 



Fuchs. 



'13 »» »» 



Silicic hy- a . . o. . 

iMg"!^* M.Freray. ^^ ^ ^s ) 

Peridot ^i, ) ^i., \ ^ 

2SI j ^* Ga" ) Hydrate of Al2'^ [ 9 2 Al/* [ O^^ 
Phenacite. Anorthite. Doveri. Na^He / 6Ga" ) 

Analcime. Grossulaire. 

»i ] Q %\, ) Si3 ) Si4 ) Si« ) 

WiUemite. H J H4 1 2K ) 6Fe" ) 

Si) Atvit^Ii; Almandine 

^JOi Okenite. Magnesite.* g^^ (Oriental 

Zircon. ^^''*'* S^'^'^^^)- 

Si 1^^ Si3^ \ Si3 , Si, Sic 

(GaH5)a / 3 Ga-^ e^ ^^^^^ I ^ ^^^^, ^ ^^ ^^ ^ 

Diethylic ^° ^ Ga" ) H2 ) 36-1") 

silicate. Diopside. LaUradorite. Pyrophyllite. Emerald 

Sije Si,)„ Si, Si4| Sie. 

Mg" ) «. (G,H,), 1 \^, } e, + . ..q. 3M^^ j ^^^^^,. ^^^ 

Eastatite. Diethylic Chlorophaeite. Talc. Orthose 

disilicate. felspar. 

It is clear that this theory allows us to conceive, and 
even to predict, the existence of innumerable silicates. 
Their constitution and the formulae which represent them 
are not always very simple, and, in a large number of 



* Or, 

2 



jg'}e, + aaq(Aq=H,e). 



We may similarly decompose the formulae of okenite, pyrophyllite, 
^ aualoime, talc, Ac. • 
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cases, cannot be so. One thing, however, is simple and 
rational — viz., their mode of generation, which is baaed 
on the one hand upon the principle of the accumulatÙM 
of the polyatomic radicals^ and on the other hand upon 
the successive dehydration which may be undergone by 
hydrates containing polyatomic radicals. These prin- 
ciples, which govern the constitution of a crowd of organic 
compounds, are susceptible of a great number of appli- 
cations in inorganic chemistry and in mineralogy. We 
will give some new examples of them : — 
ist. Glycerine contains — 






It maj form, bj losing IIjG, glycid 



H l^a 

whose curious combinations were made known by M. 
Reboul.* 

The hydrates of aluminium, of iron, and their ana- 
logues may similaiiy suffer a partial decomposition — 

^^ } «e nf 1 ^« » nf ) «* ^''®. 

Oibbsite. Diaspore. Corundum. 

Ferric iiydrate Goethite. 



Hj 



) 



lUangauite. 

Uranic hydrate. 

There exist salts corresponding to these different 
hydrates. Such are distheue and the spinels — 

Distbene. SpineL 

• AnnaU9 de ChimU et de Physique^ 3rd series, vol be, p. 5, i86a 
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and. M. Lourenço* has shown that several molecules 
glycerine may unite with elimination of water, and 
rm poljglyceric combinations — 

H.» 

Pyroglyceiine. 



K}o-] 



H J 



+ 2H»0. 



a^ 



Pyroglycide. 



3 
3 



G,H 



r€,H 



H,}^3 



^5] 

H3/ 



3„« e. 



= ^^^'I'^l^+^H^e. 



The bodies thus formed constitute, in a manner, basic 
drates. Similarly limonite constitutes a basic ferric 
drate— 



Limonite. 

It is evident that in such hydrates the basic hydrogen 
^y be replaced by radicals of acids. We thus obtain 
sic salts, of which the pblyethylenic and polyglyceiic 
^ers are the representatives in organic chemistry, and 
which very numerous examples are known in inorganic 
emistry. 

Let us first take the constitution of the basic ethers in 
lestion — 

G,TL,\ G,R,\ G,-H,\ 

€,H, 83 G,R, e €,H, 

H/ 

Diethylenic Triethylenio Triethylenic 

diaoetate. diacetate. mocacetate. 

It is evident that the basic acetates of lead and copper 
3 the analogues of these ethers — 

* Comptes Rendus, voL lii, p. 369. 

M 
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Gu" ) €u \ 

€a" } 03 + 3aq. €u ( ^ 

(^2^3^)2 ^ 
Dicuprio diacetate.* Tricupric diacetate. 

Pb. Pb\ 

Pb/04+3aq. Pbi 

Pb ( Pb > 04. 

(€2H,e)2 ) G^Rfi \ 

H/ 
Triplumbic diacetate. Triplumbic monacetaie 

(called sexbasic acetate). 

Many other basic compounds of inorganic chemistry 
possess an analogous constitution. We will mention 
some from the different kinds of salts. We must M 
remark that these basic salts always contain apolyatomit 
metal; the well-defined mohatomic metals — such ai 
potassium, sodium, and even silver — not forming baiic 
salts properly so called. 

Basic Nitrates, 



Pba 



Pb \ 

Triplumbic dini- Trimcrcuric Dimercurous dini* Nitroaoiitittt 
trate. dinitrate. trate ; yellow of lead. 

(Beizelius.) (Kane.) crystalline salt. Basic bypo- 

(Kane).t nitrate of 1«M 



of M. FeUgot 



Basic Sulphates. 



802) ^« + 4- ^*1- 802 j^*' 

Brochantite. Turbitb mineral 

Basic Carbonates, 
Carbon being a tetratomic element, like silicium» the 
composition of the normal carbonic hydrate should be-* 

H4 1 ^*' 

* It is possible ibat tbis salt may be a monocupric moDAoetato' 

G\i) 

(€2H30)'|02-I-H20. 

t Polymcre of tbe soluble mercurous nitrate of Gerhaidt (p. i5))> 
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and the normal carbonates should contain — 

These carbonates Dr. Odling has called orthocar- 
honates;* but we know that the most numerous and 
best defined carbonates belong to the tjpe-^ 

or, in other words, that in these carbonates the ratio of 
the oxygen of the acid to that of the oxide is 2 : i. It 
aeems then natural to consider these latter carbonates as 
neutral or normal. Their constitution may be expressed 
by the formula — 

mud the orthocarbonates may be considered as basic car- 
bonates of the formula — 

derived from the type 

That being laid down, we may admit the existence of 
basic carbonates belonging to several types, and in 
which the oxygen of the oxide Oo is to the oxygen of 
the acid Oc in the following ratios : — 

Oo : Oc : : 2 : 2 bibasic carbonates. 

Oo : Oc : : 3 : 4 seaquicarbonates. 

Oo : Oc : : 3 : 2 carbonates of the sesquioxides. 

Bibasic Carbmates. Setquicarbmata. ^fi^i^i^'** 

Malachite. Acurite. Ferric carbonate. 

(Parkmann.) 

* Pkilo$opkie<U Maçonne, voL xviiL, p. 368. 
t Aq-H,0. 
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Bibaaic Carhonattt. 


Se»^iearbon<Ua, 


Ca 


2Gu \ç. 


>^}e. + aq. 


I 


Hysorine? 


Azurito. 


Ura: 



^0 } ^3 + *Q.* 

Subcarbonate of hydrated 
lead. 
(Bounsdorff.) 


Dutch whitelead. 
(Hochstetter.) 


t 

Cbro 


€e}^3 + 2a<l- 




• 


Subcarbonate of 
hydrated zinc. 


Carbonate of 
biâmuth. 





(Schindler.) 

There exist basic silicates. Thus staurot 
looked upon as a basic compound of the forn 

3Si 1^18' 
in which the sixth part of the aluminium is i 
ferricum. 

In the inorganic compounds that we have ju 
we see polyatomic elements accumulate in o 
same combination, uniting one with anothe 
by the intervention of atoms of oxygen (pag< 
find this property in other organic and inor 
pounds, in which we see the radicals of polyt 
accumulated in one and the same combinat! 
investigate this point. 

• The chromic dicarbonate analysed by M. Parkma 
la Société Chimiqw, vol. v., p. 551) — 

may be compared to a disilicate (p. 1 59). In general 1 
may be referred to the type 

which correspcnds to the first carbonic anhydride — 

Qiv. ^ _Giv. ) 



Hal ^3 - H^e^-Ho.e. 
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\j the oxidation of diethylenio alcohol there is formed 
impoand which I have called diglycolic acid,* and in 
ich the two ethylene radicals of the alcohol are re-» 
ced by two glycolyl radicals. 

Ha / ^s» Ha ; ^*- 

DiethyleniaalcohoL Diglycolic add. 

I. Friedel and I have described the ethers of a 
etic and of a trilactic acid which possess a constitn- 
i analogous to that of diglycolic acid.f 

2(€3H,0) ) Q z{G,Kfi) ) Q 

Dilactic add Trilactic add. 

D a very important article, M. H. Schifif { has lately 
le known a ditartaric acid — 



»(eAe,)"je^, 



inalogous combinations exist in inorganic chemistry. 
ay mention disulphuric (Nordhausen acid), dichromic, 
. diphosphoric acids, whose salts are represented by 
following formulœ : — 



^^ \ e, (€re|" 93 




Dlmilphate of Dichromate of Pyrophosphate 

■sium (anhydrous^ potassium. of sodium. $ 

^e know that MM. Maddrell,|| Fleitmann, and 
nneberg have described a series of acids polymeric 
h metaphosphoric acid, and which may be looked 
m, in common with all the compounds here referred 

AnnaUi de ChimU et de Phynguey 3rd series, vol. Ixix., p. 344. 

•annales de Chimie et de Phyeiqiu^ ird series, vol. Ixiii., p. 112. 

^ftid, voL Ixix., p. 257. 

-^lUMUen der Chemie und Phai^macie, voL Ixi., p. 53. 

^*id., voL Izv., p. 304, and vol. IzîdL, p. 232. 
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to, as anhydrides formed by the condensation of several 
molecules of phosphoric acid with elimination ol ^wftter. 

*| H3 j*^3J H2 ]^i + ^^^ 

Fnosphoric acid. Dimetaphosphoric add. 

Trimetaphosphorio add. 
Tetrametaphosphoric add. 

M. Friedel and If have made known the ether of 1 
mixed acid formed by the union of one molecule of lactie 
acid with one molecule of succinic acid, with élimination 
of water — 

el) 

Lactic acid. Succinic acid. Lacto-succinic add. 

Lacto-succinic acid, whose ether we have analysed— 

(^3H40)' ) 

(^2115)2 ) 

contains both the radical of lactic acid and that of boo- 
oinic acid, and these radicals are probably united one t( 
the other by an atom of oxygen. A certain number 
other organic and inorganic acids are formed in a lib 
manner, and possess an analogous constitution. Ths 
M. Bolley's chromosulphuric acid contains — 

(Gre,)") 

(se,)" e, 

* We may foresee the existence of anhydrides 

3(i'e)}e. and 4(P^7)e, 

fonced according to the prlndple of ttte^tsive dehpdrationt, m Acm 
at page 158 and the following pages, 
t ÂnnaUt de Chimie et de Phytiqué, 3rd seriei, voL IziiL, p. lU. 
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M. Friedel and I have compared sphene, or silico- 
I titanate of calciam, to the laoto-succinate of ethyl — 

^ (Tie)" J o,* 

Other inorganic kinds are formed bj the condensation 
of the elements of two acids with elimination of water. 
This is the case with the borosilicates. The hydrate 
corresponding to datholite would be formed by the com- 
bination of 1 molecales of boric acid and 2 molecules of 
silicic acid, with ehmination of 5 molecules of water — 

*t Har^j-^MH, l®*j"2Bo"U, + 5H20 



\ 



Si, 

Boj } O9 + aq. 
Oaj) 
Datholite. 



H* 



• Or, Sivi. 

• -e-a" 

AniMlet de Chimie H de Physique, jrd series, vol. liii., p. 1*4. 
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SECTION IV. 

Inorganic and Organic Chlorides, Bromide», ^. 

In the preceding pages we have made apparent tbe 
analogies of structure, and even of reactions, that exist 
between the organic oxides, hydrates, and ethers, and 
the inorganic oxides, hydrates, and salts. Thene 
analogies may be traced in other classes of componndi. 
We have already compared the inorganic with the 
organic chlorides. Let us confine ourselves to this shoit 
remark, that it is not a question here of purely symbolie 
relations, but that the analogies expressed by the ^ieal 
formulœ are founded upon the similitude of the reaetioiu. 
Let us compare, in this respect, the chloride of aulphnrjl 
with the chloride of succiilvl. Both chlorides contain a 
radical of a bibasic acid. Both are decomposed in the 
same way under the influence of water, the one forming 
sulphuric acid, the other succinic acid. 

Chloride of Sulphuric add. 

sulphuryL 

€4H^e2.Cla + ^JGa « ^^^g^jOa + aHa 

Chloride of Succinic add. 

succinyl. 

Similarly the chlorides, bromides, and iodides of the 
alcohol radicals may be compared to the metallie 
chlorides, bromides, and iodides. The analogy of the 
following reactions cannot be mistaken : — 



Iodide of ethyl. Acetate of silver. 


Agi 


Acetate of eth^ 


KI + ^'^g}ô - 

Iodide of 
potassium. 


Agi 


Aoetateof 
potMifaim. 




It seems to me aaelesa to inaist upon these relatioD- 
ahips, which are evirlent and accepted bj all cbemists. I 
will give some others that are newer and more remark- 
There exists, independently of M. Eegnault'a dichlo- 
ride of Bulphorjl, a compound intermediate between the 
latter and aulplmrio acid. This ia cbloroauiphuric acid, 
obtained by Dr. WiiliamBon* by treating concentrated 
sulphuric acid with perohloride of phosphorufl. 

(«^"JB. («ei'le ff».)"'^ 



8Qlphuric «eld 
ChloroBuccinic acid— 



CI 



CI 



corresponding to chlorosniphuric acid, baa not yet 
obtained, to my knowledge, although theory foresees tha 
existence of such a componiid. But in the lactic acid 
series we know of compounds intermediate between the 
dichlorides and the acida. 






(BAS)' I 



(« 

I 



LutloiLdd. 
JiataUi dt Ch 



CI 

Chlnroilycnlic ac 



if a di fhgti^ui, led asrisgi toL 



{G,H,e)"Ctj 






Cl 


Clî 


Glyce- 


Monochlor- 


Dichlor- 


rine. 


hydriue. 


hydrine. 
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Such intermediate compounds exist also in the series 
of the polyatomic alcohols. The first were obtained by 
M. Berthelot,* who described, under the name of mono- 
chlorhydrine and dichlorhydrine, compounds interme- 
diate between glycerine and trichloride of glyceryl (tri- 
chlorhydrine) — 

Trichloride 
of glyceryL 

With glycol I have similarly obtained an intermediate 
compound, which I have called chlorhydric glycol, or 
monochlorhydrine of glycol. 

There are some metallic compounds which possess an 
analogous constitution, and which may be considered as 
intermediate between the hydrates and the chlorides, 
bromides, and fluorides. 

Berzelius has described, under the name of oxyfluoride 
of copper, a well crystallised body, whose composition 
he expressed by the formula CuFl,CuO,HO. If we 
adopt for oxygen and copper, atomic weights double their 
equivalents, this formula becomes— 

Gu"e.HFl. 

Fluorhydrate of oxide of copper. 

Now, it is easy to see that there exist between 
hydrate of copper, fluoride of copper, and this body, the 
same relations as those which exist between chlorhydric 
glycol, glycol, and chloride of ethylene, 
eu" ) ^ Gu" 



I 02 H 1 ^' 



H2 / ^2 H / "' Gu"Fl, 





Fl 




Hydrate of 


Cupric 


Cupric 


copper. 


monofluorhydrine. 


difiuoride. 



* ÂnnaUê de Chimie etdt Physique, 3rd sériée, voL zlL, p. 196» 
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Kj i ^ H ) " (ejn,)"ci, 

CI 
Glycol. Moiwhlnrbriirio Elhjleoio 

^ly^ol. (|]i:lilrirtdo. 

M. Debray* observed this important fact, that when 
molj-bdic acid is heated io b current of hydrncblurio aoid 
gas to 1 50" or 100°, it forma b white, crystalline, and very 
volatile Bubstance. This is a. chlorhydrate of moljbdic 
acid, thecomposition of which he expresses by the formnta 
MoOjiHCl, I look upon this body as being a molyhdic 
chlorhydrjtic. end I shoold define in the following 
manner its conuexion with moljbdic hydrate. Moljb- 
denam may he considerod m hcxatoniic in molyhdic acid 
Mo9,. 
Normal molybdio hydrate wo aid be — 

M. Dehray described the first anhydride of this 
normal hydrate, viz., the dihydrate — 



The molyhdic chlorhydrine, described by M. Debray, 
is derived from this dihydrate — 

Mo" I „ Mo" 1 a 

Clj. 

Moljbdic dihjdratB. Moljbdio âiahlurhjdriOB. 

"We may similarly consider the fluoxytnngstales of 

M. Marignac. This chemist has described a, fluosy- 

tnngstate of ammoaia,i the compositian of which he 

represents in equivalents by the formula — 

NH4,W0;Fls. 



tt de Ph^ai^tit, jrd floHaa, t 



I 
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In our notation, adopting for tungsten the atomic 
weight 1841 this formula becomes — 

2(NH4)W08Fl4. 

The substance in question forms, according to 
M. Friedel, a tungstic fiuorhydrine— 

(NH,), 1 ^» 

FI4 

derived from the hydrate — 

As to the other fluoxytungstates described by M. 
Marignac, they are derived from a ditungstic hydrate. 

There are chromic chlorhydrines and ferric chlorhy- 
drines. In an important article, M. H. Schiff * justly 
remarked that the hydrated oxychlorides of chromium, 
obtained by M. Moberg by the desiccation of the hy- 
drated perchloride, are derived from chromic hydrate by 
the substitution of several atoms of chlorine for several 
groups of HG. 

g«}e„ g;»}e, ^}e. Ç''}e+4aq. Gr.CI. 
CI, Cl« CI, 

Chromic hy- Chromic Chromic tetra- Chromic pen- Chromic 
drato. dichlor- chlorhydrine. tachlorbydrine. chloride, 

hydrine. 

We know, on the other hand, that ferric hydrate dis- 
solves freely in a solution of ferric chloride. The oxy- 
chlorides which are thus formed, and to which M. 
Béchampt has called attention, are doubtless ferric 
chlorhydrines, or rather mixtures of ferric chlorhydrines. 

Metfustannic hydrate dissolves in hydrochloric acid, 
and the solution thus obtained differs notably, according 
to H. Rose,t from the aqueous solution of stannic chlo- 

* Ibid.f 3rd series, voL Izvi, p. 142, October, i86t. 

t Jbid., vol. Ivii., p. 286. 

t FoggendorfiTs AnnaUn, voL cr., p. 564. 
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ride. We maj, in fact, imagiDe that by the action of 
hydrochloric acid npoo metaatannic hydrate there may 
be farmed polystannic chlorhjdrinea {see page 157). 

Cuudenaed chlarlij-drineB exist, derived from tlie poly- 
etbjleiiic or pnlyglj eerie alcoboU. Thus diethflenio 
alcohol may give birtli to two derived bodies of thia olus 



DiDtbylenIc 



ii„thj-lûi 



Uiriiydrino 



The second may be louktd upon aa a combination of 
oxïûe of elbylcne and of chloride of ethylene. By heat- 
irg tor a lung time bromide of ethylene with oxide of 
ethyknc, I obtained a small quantity of a bromised 
liquid whose cumponiiion was senuibly that of a brom- 
oxidG of etiij'lene.* 

MT 
mal 



4 



G3H,Br,+ 



Î^H, ) 



iThe chlorides or bromides of oxides of inorganic 
mistry liave a conslilution analogous to that of this 
body. The following exomples will make this 
■analogy evident. 

Hydrate of lime dissolves in a solution of chloride of 
calcium, and the alkaline liquid properly concentrated 
deposits on cooling hydrated crystals, to which U. li.a»e 
usigns the composition, 

3CaO,CaCl + i6HO, 

formula becomes — 
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and may be written — 

Ga) g'h*) 

^* I 63+ i6 aq. analogous to ^^u* > ^3 

€a ) OaHÎ ) 

Clj CI2 

Dichlorhydrine of 
tetretbylenic alcohoL 

There are oxychlorides of lead possessing an ana- 
logous constitution. Thus mendtpitef which is a well- 
crjstallised mineral, contains — 

2Pbe.PbCl2=Pb3|e2 

CI2 

Atacamite is an oxychloride of hydrate of copper 
the composition of which is expressed in equivalents 
by the formula — 

CuCl + 3CuO+HO. 

By adopting for copper an atomic weight doable 
the equivalent, this formula becomes — 

^ H I ^2 derived from the hydrate * ^ f ^z* 

CI 

Dicupric 
monochlorbydrine. 

In all the chlorhydrines which still contain one or 
more atoms of typical hydrogen, this hydrogen may 
be replaced by radicals of acids. M. Berthelot* 
has described, under the name of benzochlorhydrine, a 
glyceric compound which may be looked upon as chlor- 
hydrine in w hich i atom of typical hydrogen has been 
replaced by the benzoyl radical. 

H2/^2» H.(G7H50)/®«- 

CI CI 

Monochlorbydrine. Benzochlorhydrine. 

* Annaltt de Chimie etdePhyngue, 3rd series, toI. xli., p. 30t. 
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Mr. Maxwell Simpson* has likewise prepared an 
analogous ethylenio compound — viz., acetochlorhydrine 
of glycol, or acetochlorhydric glycol ; he obtained it by 
submitting glycol to the simnltaneons action of hydro- 
chloric and acetic acids. This body represents chlor- 
hydric glycol, whose typical hydrogen has been 
replaced by the acetyl radical. 

fl } ^' GaH^e 1 ^' ^' GaHoG / Cl 

Cl CI 

Chlorhydric Acetocblorhydric Ethylenic 

glycol. glycol. acetochlorbydrine. 

We know a certain number of inorganic compounds 
that possess an analogous constitution. 

When we evaporate an aqueous solution of equivalent 
quantities of acetate of lime and of chloride of calcium, 
we obtain large crystals permanent in the air, which 
contain, according to the analysis of M. Fritzsche — 

CaCl+ C4H3Ca04 + loHO. 

This substance is a calcic acetochlorhydrine, 

GjH^ol^ + ^H^e 

CI 
Calcic acetochlorhydrine. 

M. Cariust has lately described some plumbic com- 
pounds ani^ogous to the preceding, and has perfectly 
ascertained and defined their constitution. These com- 
pounds are formed by the direct addition of chloride, 
bromide, or iodide of lead to a solution of acetate of 
lead made acid with acetic acid. Their composition 
may be expressed by the following formulae : — 



Pb" \ Q PV ) Q Pb" ) Q 

CI Br I 

Plumbic Plumbic Plumbic 

acetochlorbydrine. acetobromhydrine. aceto-iodbydrine. 



♦ Proceeding» of the Royal Society, vol. ix., p. 7x5. 

t AnnaUi de Chimie et de PhytiguCt 3rd series, vol. xviii., p. 107. 



1 76 ACET0CHL0RHYDRINE8. 

Let ns here remark that the existence of these calcic 
and plumbic componnds furnishes a good argument in 
favour of the diatomicity of calcium and of lead, which 
may be compared in this respect to ethylene. 

By dissolving the basic tetrachloride of chromium in 
ammonia (page 172), M. Hugo Schiff* obtained a salt 
which he calls acetotetrachloride of chromium, and 
whose composition he represents by the formula — 

He also describes a sulphodichloride — 

Clj 
and a nitrotetrachloride — 

C14 

which possesses an analogous constitution. 

Further, he justly proposes to consider the ferric 
acetochloride described by M. Scheurer-Kestnerf as aa 
acetochlorhydrine — 

30,H^ O4 + aaq. 

Clj 

There are a certain number of minerals which possess 
a constitution analogous to that of the acetochlorbj- 
drines just mentioned. Thus there are wagnerite and 
apatite, well-defined kinds of minerals. Their composi- 
tion is usually represented by the formulae — 

PO5, 3MgO + MgFl ; and aCPOg.aCaO) + CaFl ; 
and they are looked upon as double compounds of phos- 

♦ Annales de Chimie et de Physique^ 3rd series, vol. Ixvi, p. 147. 
t Ibid.t 3rd series, vol. IxiuL, p. 4x2. 
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phates and of fiaorides or of chlorides. If we adopt for 
oxygen, magnesionii and calcium, atomic weights douhle 
their equivalents, the preceding formulae hecome, in the 
typical notation — 

Fl PI 

Magneaian pho^phofluor- ' Calcic tripho^phofluor- 

hydrine (wagnerice). hydrino (apatite). 

Here there is an important remark to he made. Ordi< 
lary phosphoric acid 

'equires, to saturate it, more than i molecule of 
nagnesia — 

or 

Mg" only equals Hg ; 

mt 2 molecules of magnesia, which contain % atoms of 

nagnesium, are too much for saturation — in fact, 

2Mg" equals H4 

md phosphoric acid only contains H3. Now, wagnerite 

contains exactly 2 atoms of magnesium : it would then 

36 supersaturated if the fourth unit of comhiuation ol 

the group 

2Mg" 

was not saturated by fluorine. The same reasoning 
applies to apatite and to the calcium which it contains. 
We see that, when looked at from the dualistic point of 
view, the fluorine or chlorine plays an important and 
necessary part in these compounds, whose composition 
appears at first so strange. I may add that the presence 
of such a monatomic element in these compounds fur- 
nishes an argument in favour of the diatomicity of 
magnesium and calcium. If magnesium were mon- 
atomic, the fluorine would be useless, for 

3Mg(Mg«i2) 

N 
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could replace 3 H in ordinary phosphoric acid PHjG^. 
But this metal, together with calcium, being diatomic, 
and therefore of even atomicity, the presence of a mon- 
atomic element is necessary to complete the uneven 
atomicity of the phosphoryl (PO)'".* 

We may extend this point of view to other compounds. 
There is a chlorophosphate of lead whose composition is 
exactly analogous to that of apatite. It is pyromor- 
phite— 

CI 

Pyromoi-phite. 

a mineral in which calcium and fluorine may replace a 
certain quantity of lead and chlorine. Mimetese offers 
an analogous constitution, except that a certain quantity 
of phosphoric acid is replaced by arsenic acid. 

* My friend. Dr. Odlinpf, has called my attention tc a salt described 
by M. Briegleb (AnnaUn dtr Chemie und Pharniacity vol. xcviii, p. 95)^ 
and represented bj the formula 3NaO,POô+NaFl+24H6. Without 
attempting to deny that the existence of this salt weakens the argu- 
ment drawn from the constitution of wa^nerite in fayour of the di- 
atomicity of magnesium, I would, however, point ont : — 

1. That this salt is very unstable, for boiling water decomposes it 
into a phosphate and a fluoride. We know, on the other hand, that 
waguerite and apatite possess great stability, and that, when they 
contain chlorine, boiling water never extracts fiom them chloxide of 
magnesium or calcium. 

2. Tliat it is impossible to obtain the corresponding iluophosphate 
of potassium. 

3. That the salt in question contains water of crystallisation, and 
that, even in this respect, it is not comparable to wagnerite. 

Wo owe to M. Cannizzaro another aigument in favour of the di- 
atomicity of calcium and barium. Thi. is it— There is neither a qua- 
droxalate of calcium nor a quadroxalate of barium, whilst there is a 
quadroxalate of potassium. In fact, an atom of hydrogen may bo re- 
placed in two molecules of oxalic acid by an atom of potassium, but 
not by a diatomic atom of calcium — 

(Ga" = 40). 

As the latter displaces two atoms of hydrogen, the product of the sub- 
stitution can be only a binoxalate or a ueuti al uxalatu. 
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, or horn lead, forms a ohloroaacboQate of tho 



I shnald likewise point oat that this formula may b 
written — 

iPb" 1 e. 



And the same remark applies to the formai» of all the 
cr<;aiiic and inorganic clilorhydriiiea. The notation I 
have hitherto preferred to employ* ahows more clearly 
tliau the preceding formula the relations of these chtor- 
tiydrincH to the corresponding hjdratea. 

Gerhurdt hua analysed a mercuroua nitrophosphate 
which contiiins one molecule of tnerouroiiB phospliate 
nniled to onB molecule of mercurous nitrate. This corn- 
[luutid, repi'eHtintËd iti tquivulGiita by iho fortnula— 

NO„ng,0 + P0„3Hg,0 + îHO, 
may be considered dg a kind of wagnerite in which the 
magnesium is replaced by di 
the fluorine by nitrous g^is — 



(Hg, ■= 400) and _ 



(PO)"' 1 O, 
i[IIgJ'hNej' + 



H,0. 
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SECTIOX V. 
Inorganic and Organic Nitrides, 

It remains for us, lastly, to pursue the analogies which 
may exist between the nitrides of inorganic chemistry 
and those of organic chemistry. Since the discovery of 
the compound ammonias has shown the evident relationB 
that exist between the organic bases and ammonia, and 
has, 8o to say, formed the ammonia type, chemists have 
sought to connect the metallic nitrides with this type. 
On this point we will remind the reader of the ingenious 
views advocated by M. "Weltzein* and by M. H. SchifP.f 

The compounds in which metals are partially or wholly 
substituted for the hydrogen in ammonia have been 
called metallic amines.t 

As the metals differ from each other in their equiva- 
lence, or, in other words, as their atoms possess a different 
value of substitution, it is evident that they cannot be 
substituted in the same way for the hydrogen of am- 
monia. The monatomic metals — potassium, sodium, 
silver, &c. — may replace one atom of hydrogen in am- 
monia ; the results are monamines. 

Thus the compounds known by the name of amidides 

of potassium and of sodium may be compared to ethyl- 

amine; nitride of potassium, and perhaps fulminating 

bilver, may be compared to triethylamine. 

K i Na J «jHs ) 

H N H N H VN 

h) H) H J 

AmiHide Aniidide Ethy lamine, 

of potassiiira. of sodium. 

* Annalen der Chemie und Pharmacie^ vol. xcvli., p. 19. 

t Ibid, y vol. cxxiiL, p. i. 

X Or metallic ammoniums, if the substitutios la considered u 

tHl'.ing place in ammonium. 
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Fulmlnritlii^ Tiiflthylnmlne. 

melali — copper, cobalt, merourj, &c. — . 
atomfi of hyilrogen. We have compared 
ie, and there exist a certain number of 
which mftv be compared to the eth)*!i-nlc 
bases so well atuJit^d bj Dr. Hofmann. 

We know ammotiiacal cotiibinations of cobalt, copper, 
mercury, and platinam in which these metals replace i 
atoma of hydrogen in i molocules of aniniouiuni, aa 



The diatomio 

them to etlijle 
metallic itniinei^ 



ethylene is substituted for i aloms of 
molfcules of ammonium. 


ydrogen in » 


Go", Gu" [CuJ", Pi", 

h' ) a^ h' I hM 


H, ) 


Oohnlhi- Capri- Cupro- Plnto- 

Thua, to take Some l-xiiuiplea, acetate 
(ammoniacal acetate of coi)per), which 
obliqne rhomboidal piisms, contaioB: — 
Gu"v 


EthjlBDS- 

crjatallises in 


g jN,.,(G,H,0.e)'. 


\ 



ThH gTBen salt of Magnas (ammoniacal protoohlorido 
of platinum) is the dichloride of plat 



s: "..c... 



We must observe thi 
of 1 molecules of 
chloride of platinum, 



s produced by the fixation 
tpon I molecule of protoe^ 
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S N,Br„ 

Ha ; 
is formed by the fixation of 2 molecules of ammonia 
upon 1 molecule of bromide of ethylene (^2^4)"^'^2* 

The white precipitate which is formed when an aqueous 
solution of corrosive sublimate is treated with ammonia, 
and which is known by the name of chloramidide of 
mercury, is a dichloride of dimercurammoninm : — 



H, 



■^g" I N ci 

H2 ( ^2-^*2» 



'•2 

analogous to the dibromide of diethylene-ammonium, 

h; ; 

All these ammonio-metallie compounds are formed by 
the fixation of the elements of ammonia upon ohlondes, 
bromides, &c., or upon metallic salts. But it often 
happens that an excess of ammonia is retained in these 
circumstances. Thus, when ammonia is made to act upon 
cuprous iodide, [^Ugl'Tg, there are 4 molecules of am- 
monia, 4NH3, retained, and not 2 only, as is the case 
with protochloride of platinum, for example. We thus 
obtain a well-defined compound crystallised in largu 
prisms, and to which the analyses of M. Rammelsberg 
assign the composition ^U2Î2»4NH3. 

We may look upon this compound, and upon its nume> 
rous congeners, as containing an ammonium in the mole- 
cule i)f which a certain quantity of hydrogen has been 
replaced by an equivalent quantity of the ammonium 
radical NIT4 = Am. In this hypothesis, first suggested 
by M. Hofmann, and adopted by MM. Weltzien, Hugo 
Schifi*, and other chemists, the iodide in question appear» 
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as the diiodide of a diamicuprosonium — that is to say, of 
the cuprosonium (page i8 i),in which z atoms of hydrogen 
have been replaced by 2NH4 = Amj. 

i: N (NH^. u, I, or ^s: ^n. 

Cuprosonium. Iodide of diamicuprosonium. 

Similar remarks apply to the other ammoniacal com- 
binations of copper, cobalt, and platinum. According to 
the analysis of Berzelius, the composition of ammoniacal 
sulphate of copper is expressed, in equivalents, by the 
formula — 

CuO,SOy2NH3.HO. 

This body may be regarded as a sulphate of diamicu- 
priconium — 



€u" 
Am2 

H2 ; 



-Nj-S^^+aq. 



Similarly, Henry Hose has analysed a combination of 
ammoniacal chloride of cobalt, which forms the chloride 
of diamicobaltosonium — 



€0" 
Anu 

K 
H2 



N2CI2. 



Keiset's salt, which is formed when Magnus's salt or 
chloride of platosonium is digested with an excess of 
ammonia, may be regarded as the dichloride of diami- 
platosonium — 

Am, 
H2 
H2 

These examples, which might be greatly multiplied, 
will suffice to show that the capacity of saturation of the 

* Hofmann. 



*2 '^Nj.CLj.» 
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ammoniaco-metallic bases is not always in proportion to 
the quantity of nitrogen which they contain. Thus, the 
ammonium of Reiset's salt contains 4 atoms of nitrogen, 
two of which are in Amj, and unites only with 2 atoms 
of chlorine. 

We know, by the valuable researches of Dr. Hofmann, 
that it is the same with the polyamines or organic poly- 
ammonias. Thus the ethylenic triammonias or ethy lenic 
triamines* can form three kinds of salts, which are as 
follows, for the diethy lenic triamine, which we will take 
as an example — 



{G,K,) 



{G,ll,) 



jj2 1 N3,3HC1. 
jj2 1 N3.2HCI. 



{^2^^2 I N3,HC1. 

The second of these salts is a diacid triamine, the 
third a mon acid triamine. In accordance with the 
system of notation adopted above, the diacid salt may 
be formularised in the following manner : — 

NH4 } N2.CI2 or Am N2.CI2 

H3) H3) 

Inversely, nothing prevents us from considering the 
cuprous, cobaltous, and platinous ammoniacal combina- 
tions in question as diacid tetramines — that is to say, 
incompletely saturated : — 



} N^.H^I,, ^"^ } N^H^Clj. 2^" } N„H,C1, 



10 f -"10 

Ammoniacal Aramnniacal Reiaet's salt, 

cuprous iodide. chloride of cobalt. 

I do not put forward these formulae as being prefer- 
able to those before given ; my aim is merely to show 
that we know, in inorganic and organic chemistry, of 
combinations formed by the fixation of ammonia upon a 

^ Hofmann, Comptes Rendua, vol. 111.» p. 947. 
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!e, a bromide, &c., and whose capacity of satara- 
not in proportion to the quantities of ammonia re- 

there are other analogies which we meet with 
t going out of the group of compounds that we 
»een considering. Dr. Hofmann has proved that 
lylamine, McjN, may unite with dibromide of 
le, ■e-2H4Br2, to form a bromide 

Mes ) 
liis body we see the group 

the place of i atom of hydrogen in a compound 
lium. Similarly the group 

[FtClay^Ft'^Cl^-Clj 

'place 2 atoms of hydrogen. 
Ml a current of chlorine is directed upon the green 
is's salt (chloride of platosonium), it is changed by 
Ing 2 atoms of chlorine into chloride of chloro- 
.monium (Gerhardt). 




N2.CI2 

'•2 ^ 
.*e also exists a chloride of diamichloroplatammo- 

H2) 

1 formed by the union of chlorine with chloride of 
ilatosonium or Keiset salt, 
the formulae we have given above in which 
ic metals enter are double those which M. H. 
has adopted in his remarkable work. It appears 
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to US, in fact, that these metals may anite several mole- 
cules of ammonia, as ethylene does in the ethylenic 
ammonias. 

Oxygenised groups, inorganic and organic, may re- 
place the hydrogen of ammonia to form compound 
ammonias or amines. I have shown the existence of 
oxyethylenic bases, which may be looked upon as am- 
monia, in which i, 2, or 3 atoms of hydrogen are replaced 
by I, 2, or 3 oxyethylic groups •e'2H50. This group acts 
the part of a monatomic radical; it may be looked 
upon as formed of an ethylene group joined to the resi- 
due (HO)'.* 

r(G,H;/'(He)T. 

The atomicity of the ethylene group is lowered one 
degree by the addition of the monatomic group (H9)^ 

The following formulae express the relations of these 
bases with ammonia: — 

G2H5O ) G,H,e ) a^H.e \ 

H N, G,H,Q- N, O^HjO N. 

H ) H ) G^H^e ) 

Oxethylenamine. Dioxethylenamine. Trioxethylenamine. 

There are oxycobaltic, oxy mercuric, and oxyplatinic 
bases. 

We know that the ammoniacal solutions of the salts 
of cobaltosonium absorb the oxygen of the air and change 
into ammoniacal bases corresponding to cobaltic oxide.. 
These bases have been studied (within the last few years) 
by M. Fremy and by MM. Gibbs and Oenth. M. H. 
Schiff rightly admits the existence in them of a group 
[GoOJ. He considers this group as monatomic, and 
formed by the combination of diatomic oxygen with 
cobalt (Go a 59), which is triatomic in the cobaltic salts 
(cobalticum). Here we see the atomicity of the triatomic 

* The group [-G-gH^.HO]' represents glycol ■e'aH4.2H9 
minus (HO)'. 
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metal lowered two degrees by the addition of oxygen , 
which saturates 2 affinities : — 

[Go'"e"]'. 
We know that there are oxygcnised salts correspond- 
ing to the combinations of chloroplatammonium and of 
amicbloroplatamtnonium. These are formed when the 
chlorised combinations are boiled with an excess of 
nitrate of silver (Gerhardt, Kolbe). The chlorine of 
the chloroplatinum radical is then replaced by oxygen. 

H [ ^ 
Chloroplatammonium. Ozyplatammonium (Gerhardt). 

(pte)" > 

AmichloropIatammouiunL Amoxyidatammonium (Eolhe). 

In these bases the group 

Fte 

acts as a diatomic radical formed by the combination 
of diatomic oxygen with tetratomic platinum. 

M. Millon some years ago discovered a remarkable 
base, to which he gave the name of ammonio-mercurie 
oxide. This body is formed by the action of ammonia 
npon oxide of mercury. Its composition is usually re- 
presented by the formula 

3HgO,HgH2N + 3HO. 

When anhydrous it contains^ — 

3HgO,HgNH2. 
In our notation this formula becomes 

35ge.HgNaH4. 

The base itself may be locked upon as the oxide of 
an ammonium — 



2 
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[(Hg.HG) 

L H 

in which the diatomic mercary would be joined to 
the fiO group, as, in the oxjethjlammoniums, ethylene 
is joined to the same group. 



Conclusion. 

I MUST now stop, for my task is completed. I have 
tried, in the most diverse compounds and in the most 
varied reactions, to pursue this alliance between organic 
and inorganic chemistry, which all have proclaimed, bat 
which few have hitherto tried to establish in a definite 
manner. In the preceding pages I have pointed out many 
analogies, and I have sought to express them in that 
typical notation which is so clear when we have to 
represent the ties of relationship existing between 
bodies. I have laid stress upon some of the funda- 
mental data of that which is now called the new chemistry > 
But it may be wrong to call it so. For this chemistry 
is simply that of Lavoisier, and if during ninety years 
the science he created has received a magnificent de- 
velopment, it owes it not to a revolution but to a con- 
tinuous progress ; the chain of this progress has never 
been broken. 

At the end of last century the facts concerning the 
composition of acids, of oxides, and of salts, composed 
almost the whole domain of chemistry. 

Theoretical ideas relative to the composition of com- 
pound bodies in general were founded upon the study of 
the reactions which give rise to the oxygenised com- 
pounds, particularly to salts. 

We can sum them up thus : All chemical compounds 
are formed by the addition of two simple or compound 
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elements ; all compoand bodies have a binary constitu- 
tion. This is what was called dualism. 

Berzelius adopted this doctrine, and soaght to 
strengthen it by basing it upon the facts relating to 
the electrolytic decomposition of salts. The electro- . 
chemical hypothesis became the support of the dualistic 
hypothesis. '* You see plainly," said this master, ** that 
salts contain the elements of the acid side by side with 
those of the oxide, and not confounded with them ; for 
when we submit to electrolysis such a salt as sulphate of 
soda, the sulphuric acid, or the electro-negative element, 
goes to the positive pole, and the soda, or electro-positive 
element, goes to the negative pole." Thus the dualistic 
formulée of sulphate of soda 

SO3 + NaO, 
and of salts in general appeared strengthened, not only 
by the facts relating to the synthesis of these compounds 
and their most ordinary mode of formation, but also by 
the decomposition which the electric current causes in 
some among them. We now know that the argument 
is bad, and that it may be turned against the hypothesis 
which has been so long in vogue as to the constitution 
of salts. We know that in the electrolysis of sulphate 
of soda, as in that of sulphate of copper, it is not the 
oxide but the metal which goes to the negative pole, and 
that the free alkali only appears as the result of a 
secondary action — namely, the decomposition of the 
water by the metal around the negative electrode. 

But that was not known in 1834, and since this 
epoch have been discovered the facts which should ruin 
the dualistic hypothesis of the constitution of compound 
bodies. M. Dumas proved that chlorine can unite with 
organic bodies otherwise than by addition — that is to say, 
by substitution ; that chlorine, an electro* negative element, 
can there replace hydrogen, an electro-positive element. 
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Benselios rejected the most nataral interpretation of 
these facts, and sought to express the compositioa of the 
chlorised organic bodies by daalistic formule. Thus 
trichloracetic acid was looked upon as a combination of 
chloride of carbon and of oxalic acid— 

C2CI3 + C2OJ+HO. 
Trichloracetic acid. 

Formulae analogous to the preceding, and often more 
complicated, were attributed to the numerous products of 
substitution with which the labours of Laurent and of 
MM. Regnault and Malaguti had enriched the science. 
Berzelius had never before shown himself so fertile in 
hypotheses, and the resources of his powerful mind were 
wasted on this thankless task ; by torturing facts to 
adapt them to his theory, he hastened the ruin of his 
ideas. 

The French school has reacted against these exagge- 
rations. M. Dumas, Laurent, and, later still, Gerhardt, 
entered into an energetic and victorious conflict with the 
author of the electro-chemical theory. Organic bodies 
are formed by groups of atoms united together by the 
bonds of affinity, and forming a whole ; M. Dumas first 
stated this fact ; Laurent and Gerhardt, adopting and 
developing this' idea, made it the foundation of their 
theoretical conceptions ; it is the basis of the unitary 
system. 

But, as always happens, some have gone too far in this 
reaction. By saying, about ten years since, that simple 
or compound bodies can only react upon each other by 
exchanging their atoms, and by summing up chemistry 
in these words — All is double decomposition — Gerhardt 
himself exaggerated. 

Yes, all is double decomposition in a large number of 
reactions, when molecules, which we may look upon as 
saturated, come into conflict with each other. In each 
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of them, taken separately, the affinities of all the atoms 
are satisfied, and the forces which unite them are ex- 
hausted. But when they are put in contact, this state of 
equilibrium may be broken, and exchanges of atoms may 
take place, by virtue of that elective affinity of which 
Bergmann spoke a century ago. 

But ail i^ not double decomposition when we have to 
do with reactions between bodies which have not arrived 
at the state of saturation. A combination which contains 
one or more polyatomic elements whose affinities are 
not satisfied, may unite with new elements by virtue of 
the tendency which atoms possess to manifest and exert 
to their full extent the chemical forces which reside in 
them. Here it is not an exchange of atoms which forms 
the reaction — it is an addition of atoms. New affinities 
have revealed themselves and have been satisfied ; the 
molecular edifice has ihcreased. 

Such reactions show that the combining power of the 
atoms is not exhausted at once, but that it is exerted by 
degrees. This combining power is now called atomi- 
city. It is the basis of the modern theoretical ideas. If 
we wish to express in general terms the relations existing 
between bodies, shall we still say with Gerhardt that all 
should be compared with three or four substances chosen 
as types and able to be modified indefinitely by means 
of substitution ? No ; we can turn to a higher principle 
and say — 

That the quantities of matter which act in chemical 
phenomena, and which have been called atoms, are not 
endowed to the same extent with the force which 
governs combinations. 

That the diversity in the manifestation of this force, 
sometimes simple, sometimes multiple, gives rise to diffe- 
rent forms of combination. 

That in a given compound representing some one of 
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these forms, all the atoms are united bj a part or by the 
whole of the affinities which reside in them. 

Finally» that this affinity is exerted not only between 
heterogeneous atoms, but also between atoms of the 
same nature. 

In the diversity of forms of combination we again 
see the typical idea, but this idea is now only of 
secondary importance; it is subordinate to a more 
general principle. 

The theorj' of types, suggested by an attentive study 
of a large nuiuber of metamorphoses, confined itself to 
comparing bodies together, and represented them as 
being derived the one from the other by substitution. 
We now go further, and determining in what manner 
affinity joins the atoms together in a given compound, 
we endeavour to define the relationships which exist 
between these atoms. But who does not also see that 
this theory of atomicity which we have endeavoured to 
explain is only the invigorated and developed expression 
of the law of multiple proportions ? Who does not see 
that contemporaneous chemistry, by considering so 
attentively the action of affinity in combinations, and 
especially in those molecular additions which Gerhardt 
had neglected, has made in a manner a return toward^ 
the past ? We may thus say that the ideas which now 
tend to prevail stand midway between the ancient theories 
and those developed by Laurent and by Gerhardt. 
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